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Corban® is the name given to Dowell’s family group of 
corrosion inhibitors, They were developed to meet your 
problems. And there is a whole family of them, because 
corrosive well conditions vary so much. 

First, Corban is offered in three forms: “ready-to-use” 
liquid, concentrated liquid and sticks. Then, Corban comes 
in more than a dozen formulas, each one designed for sweet 
crude, sour crude or gas condensate wells. 
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A variety of forms and formulas—to meet and control 
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ify Corban. And, despite this variety, Corban is consistent 
in quality. Ask for an engineered corrosion study and recom- 
mendation from any of the 165 Dowell service points and 
offices. Dowell serves the oil industry in the United 
States, Canada, Venezuela and Argentina. Dowell, Tulsa 1, 
Oklahoma. 
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heavy duty epoxy-tar coatings 


Generally, with protective coatings, undercutting begins at 
a damaged surface and corrosion progresses beneath the 
coating film. This corrosive loss can be prevented by prim- 
ing with Carbomastic #+3— unique because it contains 
inhibiting pigments. In addition, it features good surface 
wetting and outstanding adhesion. 


These tough coatings are economical, too . . . providing 
lasting protection for less than 1¢ per mil foot. Recom- 
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An all epoxy-tar system, with excellent weathering characteristics and high 
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High resistance to hot water, brines, sour crudes (hydrogen sulfide), acids 
and alkalis. Use Carbomastic #3 and Carbomastic #2 (topcoat), 


Where color topcoats are desired, Carbomastics may be coated over with 
Phenoline 305 or Carboline Epoxy 150. 


WRITE TODAY for Technical Bulletin #803, containing complete information 
on Carbomastic coatings, including suggested applications, general char- 
acteristics and testing results. 
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(GRANT Oil Tool 


announces the acquisition of 
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and the Cosasco line of patented access fittings 
(the original “Scotch” nipple) 


for corrosion surveys and unitized wellheads. 


Effective July 13, 1959, it becomes the Cosasco 
Division of Grant Oil Tool Company and will be 
headquartered in our main plant in Los Angeles. 
The same high manufacturing standards exhibited 
in the broad Grant line of down-hole and surface 
tools and MacClatchie equipment will assure the 


continued excellence of Cosasco products. 
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2042 East Vernon Avenue, Los Angeles 58, California 
Cable Address: Grantool 
Bakersfield, Compton, Ventura, Willows, California * Liberal, Kansas * Harvey, Houma, Lafayette, Louisiana * Laurel, Mississippi °* 
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R, L. Harbaugh 

International Harvester Co. 


Earl F. Moorman 

International Nickel Co., Inc., The 
W. Z. Friend 

International Nickel Co. of Canada, 
Ltd., The 
R, J, Law 

International Paint Co., Inc. 
Albert R. Smiles 

International Rectifier Corp. 
F. W. Parrish 

Interprovincial Pipe Line Co. 
F. J. Stubbs 

Iowa Public Service Co. 
Wm. J, Dougherty 
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A. K. J. Van Schravendijk 
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J. D. Humble 
Magnolia Pipe Line Co. 
James R. Ashley 
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C. A. Coberly 
F. H. Maloney Co. 
James H, McBrien 
Manning, Maxwell & Moore, Inc. 
Robert F, Ehrsam 
Mavor - Kelly Company 
Thos. F. P, Kelly 
Metal Goods Corp. 
Charles G, Gribble, Jr. 
Metallizing Engineering Co. 
R, J. MeWaters 
Metropolitan Water District of So, Calf. 
R. B, Diemer 


Michigan Consolidated Gas Co, 
Karl E. Schmidt 
Mid-Continent Pipe Line Co. 
F. E. Pyeatt, Jr. 
Mid-Valley Pipeline Co. 
F. H. Deal 
Midwestern Pipe Line Products Co. 
John R, Wilson 
Minnesota Mining & Mfg. Co. 
W. C, O’Leary 
Mississippi River Fuel Corp. 
G. B. Lowther 
Mississippi Valley Gas Co, 
J. H, Lambdin 
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Mrs. Penny H. Williams 
Monsanto Chemica] Co. 
F. L, Whitney, Jr. 
Montana Power Co. 
Carl R. Davis 
Morton Salt Company 
Horace W. Diamond 
Mountain Fuel Supply Co. 
Harry R. Brough 
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Joseph E. Rench 
Nalco Chemical Company 
J. W. Ryznar 


(Continued on Page 8) 
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ivision 


So. Calif. 


T!:e lower the cost per year, the more economical the invest- 
mont. Especially so when the material lasts a long, long 
tine. Take the cost comparisons below. Based on actual 
installations, users of wrought iron cold drawn tubing have 
been investing wisely for many years. Now, with new 4-D 
‘ought Iron available, your savings are even greater. 





INSTALLATION 














chloride for cooling. 


Ice Company, Rocky Mount, North Carolina 





for cooling. 





about 200°F. and water outside the tubes is about 40°F. 











ost per foot per year’’ figures are calculated from 
rrent prices of cold drawn seamless steel tubing 


STM A-382). Because of the many variables involved, / 
c sts for installation labor, maintenance and replace- ( 
nt are not included. If they were, wrought iron’s low 
st story would, of course, be even more impressive. 
Details on any of the above installations furnished on 
r juest. Write for Wrought Iron Heat Exchanger and 
( ondenser Tubing bulletin. 


STM A-179) and cold drawn wrought iron tubing Pe 
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Figuring tubing materials on a cost per year basis? 


NEW 4-D WROUGHT IRON 
costs less, lasts longer 












Note: New 4-D Wrought Iron was achieved by sub- 
stantially increasing the deoxidation of the base metal, 
slightly increasing the phosphorous content and using a 
more siliceous iron silicate. 

Result is increased corrosion-resistance, improved mechan- 
ical and physical properties. 


Cost PER Foot PER YEAR 


WrRouGnut IRON STEEL 





jotel, Brooklyn, New York $ .03 $ .24 
Hot ammonia gas passing through interior of tubes, cooled by salt water (19 years) (2 years) 
circulating along outside of tubes. 

Ice Company, Chicago, Illinois .03 .05 
Carbon dioxide condenser service. (18 years) (10 years) 

Film Corporation, Binghamton, New York .04 .06 
Tubes used in cooling service. (15 years) (8 years) 

Industrial Plant, New Bedford, Massachusetts .04 .48 
Ammonia condenser with salt water in coolant. (12-14 years) (1 year) 





Industrial Plant, Toronto, Canada .O1 .07 
Tube and shell type condenser used for cooling brine with ammonia. (50 years) (7 years) 

Ice Company, Aiken, South Carolina .03 .29 
Ammonia condensers with mild brine solution containing 76 ppm sodium (18 years) (2 years) 







.07 16 


Condensers with mild brine solution containing 75 ppm sodium chloride (8 years) (3 years) 







Industrial Plant, Wisconsin -28 -96 
Vaporizers for production of butane and propane gas. Severe stresses (2 years) (6 months) 
created by wide temperature variances. 

Oil Company, Long Island City, New York .03 .O7 
Cool, weak ammonia liquor cools hot, concentrated ammonia liquor (20 years) (6-8 years) 
coming from generator on the way to absorber. 

Process Company, Detroit, Michigan .08 16 
Heat exchangers with ammoniated brine concentration of about 10% (8 years) (3 years) 
ammonia and salt almost to saturation point. 

Gas Company, Brooklyn, New York .05 22 
Ammonia condenser with cooling medium of creek water contaminated (16 years) (3-5 years) 
by the refuse from several nearby industrial plants. 

Alkali Company, Saltville, Virginia .05 .30 
Heat exchanger carrying ammonia liquor that is subsequently cooled by (16 years) (6 mos.-3 years) 
surrounding water. 

Industrial Plant, Chicago, Illinois .09 .28 
Condenser tubes in absorption system. Ammonia inside the tubing is (9-11 years) (3 years) 







Electric Utility Company, Hunts Point, New York 15 45 
Gas cooler drawing water from East River in New York City. (8-9 years) (2-3 years) 

Warehouse & Cold Storage Corp., Springfield, Massachusetts .02 .04 
Ammonia condensers and direct expansion cooling coil. (30 years) (12 years) 


BYERS 4-D WROUGHT IRON 


TUBULAR AND FLAT ROLLED PRODUCTS 
A. M. BYERS CO., CLARK BLDG., PITTSBURGH 22, PA. 
Corrosion costs you more than Wrought Iron 
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Corrosion Inhibitors for Carbon Tetrachloride- 
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Action of the XO Inhibitor, by G. H. Cart- 
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Four-Tower Water Treatment Test Facility, by 


Corrosion Processes in 
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rosion, by J. Franklin Koehler 
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Design and Materials for Reduced Pump Cor- 
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of Steel in Sea Water, by M. H. Peterson 
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for cathodic protection bets 


BURNDY 


rhermowell 


-..,. FIRES EVERY TIME! 


THE POWDER MAKES THE DIFFERENCE! 


THERMOWELD’s cohesive starting pow- 
der can't mix with the Woeits lara actor 
This assures full-strength ignition that 
fires the welding charge every time. Just 
pour the welding charge from the 
moisture-tight cartridge into the Thermo- 
welder and tap to release special start- 
ing powder. Ignite for perfect, permanent 
electrical weld connections—anode and 
header leads, jumper bonds, and other 


cathodic protection connections. 


Anode Leads Header Leads Jumper Bonds 
Sounder, Ssurer welds Higher conductivity connections Easier strap or cable bond 


Norwalk, Connect. In Europe: Antwerp, Belgium 


Pea la:-1 Vie Tae) 


det n softer 
r 


aren 101-1 iph 2 


vs. 


59-10 


Toronto, Canada 
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SCOTCHRAP 
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PIPE PROTECTION 


IE) tere 
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tM) 
200-hour 
torture test! 


Each of the five lengths of pipe shown.was covered with a different pro- 
tective coating—both tapes and mill coatings. They were then fastened in a 
barrel containing abrasive tumbling chips and continually tumbled for 200 
hours. This unretouched photo shows the results: only the “SCOTCHRAP” 
Pipe Protection Tape, far right, survived intact! 

This controlled test was designed to measure the resistances of various 
coatings to backfilling and soil stresses. It clearly demonstrates the superior 
abrasion and puncture resistance and excellent bond strength you get only 
with “SCOTCHRAP’’—the toughest polyvinyl chloride plastic tape. These 
properties are so superior that with normal care, no protective overwrap is 
needed. Add the excellent electric properties, and you have the reasons why we 
believe “SCOTCHRAP?” is the best total coating buy you can make. 


FOR MAXIMUM ABRASION RESISTANCE... 
EXCELLENT PUNCTURE RESISTANCE... 
MAXIMUM RESISTANCE TO SOIL STRESS... 


PLUS EXCELLENT ELECTRICAL PROPERTIES 
SPECIFY 


SEND FOR FREE MANUAL! 
New “Tape it Easy” booklet 
gives application methods, useful 
specifications, for “SCOTCH- 
RAP” Pipe Protection Products. 
Write 3M Co., St. Paul 6, Minn., 
Dept. EAM-89. 


ScoTcHRAP Pipe Protection Products 


BRAND 


The term ‘“Scotcurap” is a registered trademark of Minnesota Mining and Mfg. Co., St. Paul 6, Minn. Export Sales Office: 99 Park 


Avenue, New York 16, N.Y. In Canada: P.O. Box 757, London, Ontario. 
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Have You... 

Oil Field Vessel 
Internal Corrosion 
Problems? 


fe 5 


ee 
1 ‘ 5 6’ 8’ 5’ 4 1 a 


This drawing depicts anode placement for both magnesium and graphite. 


7a 202 2.0 oe 


If you do have oil field vessel internal corrosion 
problems . . . Cathodic Protection Service has 
available for you a recommended engineered 
cathodic protection system. 


This system can be obtained either directly 
from us or your local tank company. You can 


, DM-8 


CURRENT 
1.75 Amps 
1.00 Amps 

.78 Amps 
1.94 Amps 
.97 Amps 
.97 Amps 
1.54 Amps 
1.65: Amps 


Total 10.60 Amps 


obtain recommended engineered design pro- 
tection systems using impressed or sacrificial 
anodes. 

Phone, wire or write our home office or any 
of our branch offices listed below for additional 
information. 


Cable Address — CATPROSERV 


cathodic protection service 


JAckson 2-5171 
NEW ORLEANS = ODESSA 


Houston 6, Texas 
DENVER 


P. O. Box 6387 


CORPUS CHRISTI TULSA 


CHICAGO 


122 S. Michigan Blvd., Rm. 964 
WEbster 9-2763 


1620 South Brownlee 
TUlip 3-7264 


(Golden) P. O. Box 291 
CRestview 9-2215 


1627 Felicity 
JAckson 2-7316 


5425 Andrews Hwy. 
EMerson 6-6731 


4407 S. Peoria 
Riverside 2-7393 
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Introduction 


‘EVERE CORROSION of aluminum, 
,) though non-coupled with copper, can 
o cur if copper is deposited by apparently 
imocuous waters containing only trace 
quantities of dissolved copper salts. Sev- 
eral references are made in the literature 
to this form of galvanic corrosion**** and 
the author has found it in aluminum alloy 
tubes of water-methanol injector systems 
of aircraft, aluminum components of air- 
craft fire extinguishers and aluminum 
finned heat exchanger units of a large air 
‘onditioning plant. 

The work to be described arose from 
an investigation of this type of galvanic 
corrosion in an aircraft oil cooler in 
which a 30:70 glycol-water mixture was 
used. This coolant was not inhibited in 
any way, thus differing from coolants de- 
scribed by Sebba® and Thompson,’ who 
investigated the severe corrosion of 
aluminum in glycol-water systems con- 
taining triethanolamine phosphate which 
induced a high copper concentration by 
amine complex formation. 

In the aircraft oil cooler, small nod- 
ules of deposited copper (approximately 
(.002-inch diameter) were found on the 
aluminum alloy 52S tubes; their identity 
was proved by micro-chemical, spectro- 
graphic and X-ray diffraction examina- 
tion. A potential difference of 300 mv 
was shown between the nodules and the 
aluminum alloy by a fine electrode probe. 

In this paper, mechanism of corrosion 
is discussed, typical behavior of alumi- 
num alloy 52S in a re-circulating coolant 
test is described and results are pre- 
sented of laboratory trials to find satis- 
factory inhibitors for the system. Compo- 
sitions of the coolant tubes and of the 
test panels used are given in Table 1. 


Mechanism of Corrosion 


Waters may contain dissolved copper 
in widely varying concentrations depend- 
ing primarily on the water composition. 
Tronstad and Veimo* studied the reac- 
tions governing copper dissolution and es- 
‘ablished that the degree of dissolution is 
dependent on many factors including oxy- 
ven concentration, bicarbonate and car- 
on dioxide concentrations, pH, tempera- 


* Submitted for publication October 10, 1958. 
*Australian Defense Scientific Service, Depart- 
ment of Supply, Maribyrnong, Victoria, Aus- 
tralia. 
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ture and time of contact of water with 
copper surfaces. The last factor in con- 
junction with the previous factors will 
determine film composition on the copper 
surface and will control copper concen- 
tration in solution. A wide range of cop- 
per contents of tap waters is quoted in 
the literature, and values as high as 7 
mg/1 have been reported. 

Wilkins’ places the critical concentra- 
tion of copper ions in water at 0.01 ppm. 
Water containing more than this amount 
of copper in solution is liable to produce 
pitting corrosion of aluminum. Wilkins 
does not clearly state his basis for adop- 
tion of a critical concentration of 0.01 
ppm. It may be based on actual deter- 
mination or experience of a_ threshold 
value of this order. In discussing me- 
tallic deposition on an aluminum sur- 
face, Wilkins states that metal will be de- 
posited if the equilibrium potential of a 
given concentration of metal ions is ca- 
thodic to the electrode potential of alumi- 
num. On thermodynamic reasoning, an 
approximation to the critical concentra- 
tion can be derived. The values of elec- 
trode potential of aluminum in pure 
water were —0.2 to —0.4 v H: scale) al- 
though more anodic values must prevail 
at certain weak spots in the film. 

However, if an approximate value of 
—0.4 v is accepted, reference to the Pour- 
baix type equilibrium diagram for the 
Cu-H:O system indicates that at a concen- 
tration of 10°* M Cut ion, the equilib- 
rium potential is —0.36 v and that ther- 
modynamically copper deposition can 
occur on aluminum. If a more anodic 
value than —0.4 v is accepted for local po- 
tentials on aluminum, the thermodynamic 
critical concentration would fall below 
10°* M Cut ion. The large discrepancy 
between the thermodynamically derived 
critical concentration of 10°%M and the 
value of 0.01 ppm or 1.6 x 10M stated 
by Wilkins must be accounted for by con- 
sideration of the reaction kinetics. 

Corrosion of aluminum alloys by cop- 
per bearing aqueous solutions takes place 
initially by a displacement reaction in 
which metallic copper is deposited from 
solution in amount electrochemically 
equivalent to the quantity of aluminum 
ions passing into solution. On an alumi- 
num surface immersed in water contain- 
ing some low concentration of copper ions, 
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Abstract 


Investigation of galvanic corrosion in an 
aircraft oil cooler led to tests described 
in this paper. Corrosion mechanism on alu- 
minum alloy 52S is discussed and results 
are given of tests designed to find satis- 
factory inhibitors. Tabular data give in- 
hibitor systems tested. Twenty-two litera- 
ture references given. Inhibitor tests in- 
volved 25 solutions tested. 6.4.2 


aluminum ions pass into solution at 
anodic sites, leaving an excess of elec- 
trons on the metal. Copper ions will be 
discharged at the metal surface by ac- 
ceptance of electrons. 

Wilkins considers that copper ion dis- 
charge occurs at anodic areas or weak 
spots in the oxide film but does not give 
the mechanism by which this occurs. If 
cathodic processes are assumed not to 
occur on the oxide filmed areas of alumi- 
num, initial discharge of copper ions pos- 
sibly can occur in the following manner. 

Within some weak or defect area in the 
film it can be assumed that there is a 
variation in the solution tendency of 
metal atoms depending upon the relative 
free energy of the atoms at various points 
of the metal lattice. At the points of 
higher free energy, the anodic process 
will occur; at the points of low free en- 
ergy, the cathodic processes, including 
copper ion discharge, will occur. 

Once copper has been deposited on 
the metal, a large potential exists be- 
tween anodic sites and the new cathodic 
sites. Dissolution rate of aluminum will 
be greatly accelerated. In the early 
stages of such a corrosion process, a cop- 
per deposit is commonly found at the 
level of the original metal surface, sur- 
rounded by a depression of annular form 
in which the anodic process of metal ion 
formation has been occurring. 

Pitting is generally associated with this 
type of corrosion. Once a deep or re- 
stricted pit has developed, corrosion can 
proceed without the influence of the cop- 
per cathodes. This is due to differences in 
aeration and the inability of areas within 
the pit to heal by oxide film formation. 


Recirculating Coolant Tests 


A recirculating coolant apparatus was 
constructed to determine the effect of 
dissolved copper on aluminum corrosion 
in 30:70 glycol-water solutions under 
flow conditions. The coolant passed over 
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or by-passed copper surfaces before en- 
tering a tubular glass cell containing two 
aluminum alloy 52S panels (3 inches by 
34 inch). A ceramic pump was used to 
avoid coolant contact with extraneous 
metals. This test was continued for two 
weeks with the coolant maintained at 
40 C for 7 hours per day for each five-day 
working week. During the overnight and 
week-end periods, the system was al- 
lowed to cool to room temperature. The 
pH of all solutions was 6.7. 

Copper content of the coolant solutions 
was determined by polarographic meth- 
ods before and after each test. At the end 
of the test period, the aluminum panels 
were immersed in concentrated nitric 
acid to remove corrosion products and 
any copper deposits. Weight loss due to 
corrosion was determined. Also, copper 
content of the nitric acid stripping solu- 
tions was determined polarographically. 
Depth of pitting of the aluminum panels 
was also measured. Results of these re- 
circulating tests are shown in Table 2 

The destructive effect on aluminum 
specimens caused by recirculating the 
coolant over copper surfaces is indicated 
in Table 2. Pitting type corrosion of 
aluminum occurred when a coolant pre- 
pared from freshly distilled ethylene 
glycol and distilled water was recirculated 
over copper surfaces. This solution origi- 
nally contained only 0.06 mg/1 copper 
in solution but after recirculation for 2 
weeks contained some 2.5 mg/1, and 8.9 
mg of copper had deposited on the 
aluminum specimens. Table 2 also indi- 


* Analysis (ppm) : 
HCO; 10, 80, 
(ppm CaCQOs) : 


Ca 2.5, Mg 1.5, Na 7, K 2, 
2, Cl 10-15, NOs 1. Hardness 


temporary 8, permanent 4. 


cates a significant increase in pit depth 
and weight loss when Melbourne tap 
water* was substituted for distilled water 
in preparation of the coolant. 

Probably the most significant factor 
contributing to the increased corrosion 
was 10 to 15 ppm chloride ion in Mel- 
bourne tap water. Porter and Hadden‘ 
indicate that nodular pitting occurs in the 
simultaneous presence of calcium bicar- 
bonate, chloride, copper salts and oxygen 
and state that a pitting form of corrosion 
can occur in distilled water containing 
0.04 ppm copper. With a copper content 
of 2 ppm and in the presence of relatively 
small amounts of chloride ion, a serious 
form of pitting was shown to develop. 


Selection of Inhibitors for Trials 

Recirculating coolant tests showed that 
in glycol-distilled water containing small 
amounts of copper, a significant amount 
of pitting corrosion of aluminum alloy 
52S will occur. Since pitting can occur 
in a pure glycol-distilled water coolant, 
an inhibitive system was necessary to di- 
minish aluminum corrosion or at least to 
eliminate the pitting form of corrosion. 
Various inhibitive systems were screened 
to select the most promising inhibitors 
from a wide range of formulations col- 
lected from literature and others worthy 
of inclusion on theoretical grounds. 

Screening tests were conducted at room 
temperature, using only distilled water 
in solution preparation. Solutions were 
stirred slowly during the 18-week test. 
Test panels of aluminum alloy 52S were 
suspended in 500 ml of each solution. 
Small amounts of copper and 50:50 tin- 
lead solder turnings were added to each 


TABLE 1—Composition of Aluminum Alloy Coolant Tubes and Test Panels 





Specification 
Alcoa 52S 


2 .2- 2. 2.8% 
0. 15 - 0. 35% 


Element 
Magnesium 
Cc hromium 
Iron + Silicon 
Manganese 
Copper 


Zinc 


Other impurities. . 


Aluminum 


0.459 7 max. 
0.1% max. 
0. 1% max. 
0 03% 1 max. 


0.03% max. each 
0.1% max. total 


re mainder 


Test Panels 


| Coolant Tubes | 
=] 2.4% 


0. 26% 


a 0.31% 


faint trace 


trace (<0. 02%) 


trace trace ( <0: 05% ye 


Nil 


Titaniu m, 
faint trace 


Titanium, 
faint trace 


remainde r 


remainder 


TABLE 2—Recirculating Coolant Tests of 30:70 ener -Water with Aluminum Alloy 525 


Weight 
Loss per 
| 4.5 in? of 
Alumi- 
Test Solution 
1. No copper sur 
faces in circuit 


30:70 glycol-tap g 
water 0.002 
2. No copper sur- 
faces in circuit 


30:70 glycol-dis- 


tilled water 0.001 


30:70 glvcol-dis- 
tilled water 


3. Copper surtaces 


in circuit 0,003 


30:70 glycol-tap 
water 


4. Copper surfaces 


in circuit 0.008 
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num 
Alloy 52S Average 


| 
| Weight 
of Copper) 
Deposited | 
on each | Copper Content 
Alumi- of Solution 
num - = 
Alloy Before ‘After 
Specimen, Test Test 


mg/1 


Pit Depth 


Maxi- 
mum 


u u mg mg/1 
112 480 0.06 0.3 


0.02 


No pits visible 
260 4.4 


750 
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solution to provide appropriate exposed 
areas of other materials likely to be pres- 
ent in a coolant system. 


It was appreciated that corrosion of 
the aluminum could be minimized by 
protective film formation on the copper 
surfaces to deter copper ion entry int» 
solution, by inhibition of the aluminurn 
surfaces, or a combination of bot) 
methods. Sodium mercaptobenzothiazole, 
which precipitates copper ions from solu- 
tion, was included in several inhibitc: 
formulations to form a protective film 
on copper surfaces. For similar reason:, 
low concentrations of sulphides were use:| 
in some solutions. 

Inhibition of aluminum corrosion b:. 
silicates probably was first established in 
1929 by Churchill’ and has been referred 
to by many authors” ® *:™** and in pat- 
ents. No reference has been found to the 
efficacy of silicate inhibition in applica- 
tions involving chemical displacement of 
copper ions. Because of the general appli- 
cability of silicate inhibition to aluminum 
alloys and also to copper alloys and 
lead,” several inhibitive systems based on 
metasilicate and tetrasilicate, alone or in 
combination with other inhibitors, were 
included in the trials. 

Chromates also were tested at various 
concentrations, alone and in conjunction 
with other inhibitors. Mears and EI- 
dredge” found that chromate was not 
satisfactory for inhibition of galvanic 
couples of aluminum and steel although 
it was satisfactory for inhibition of alu- 
minum alone in several environments. 
Darrin” reported beneficial effect of meta- 
silicate additions to chromate solutions in 
inhibiting aluminum corrosion when cou- 
pled to copper, but metasilicate without 
chromate was not effective. 

Wormwell, Mercer and Ison” refer to 
variable results on RR 50 aluminum 
alloy when using 1.5 percent sodium ben- 
zoate plus 0.1 percent sodium nitrite in- 
hibition in glycol solutions. Wormwell 
and Mercer™ showed that an increased 
sodium benzoate concentration of 5 per- 
cent satisfactorily inhibited solder. 

Attention also has been given to the 
use of concentrated benzoate solutions in 
coolant systems.” They are reported to 
be satisfactory with duralumin and solder 
and can be used instead of glycol solu- 
tions because of the freezing point de- 
pression by benzoate. Solutions containing 
1.5 percent sodium benzoate plus 0.1 per- 
cent sodium nitrite, 2, 5 and 20 percent 
sodium benzoate were included in the 
trials. One author” refered to satisfactory 
inhibition by guanidine carbonate in 
glycol coolants and although guanidine 
carbonate should behave similarly to 
many amines in increasing the copper ion 
concentration in solution, causing an 
acceleration of corrosion of aluminum, 
this inhibitor at the recommended con- 
centration was included in the tests. 

Use of borates and phosphates has been 
suggested for inhibition of glycol coolant 
systems.” One percent borax in glycol 
solutions inhibits corrosion of several 
metals at elevated temperatures; at low 
temperatures, borax increases the cor- 
rosion of zinc, cadmium, brass and mag- 
nesium but does not accelerate corrosion 
of copper, lead or aluminum.” 
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CORROSION OF ALUMINUM ALLOY IN GLYCOL-WATER COOLING SYSTEMS 


TABLE 3—Inhibitor Trials of 30:70 Glycol-Water Solutions (Second Series) 


| 


Inhibitor 


. No inhibitor G.D.W. 


| Solvent* | Initial | Final 


Weight 
Loss of 
Alumi- 


Inhibitor 


16. Sodium cinnamate 2% 


Solvent* | Initial | Final 
G.D.W. | : rae 





sre Se Zz =! 
2. No inhibitor Neither copper nor | 


solder in system G.D. Ww. 


moly bdate 0.1% 


17. ‘Sodium tungstate0. 1% + 


sodium 


G.D.W. 





5; ne iidbitor. . eee | W. 
G.TW. 
c Wadnbihienes. ocalccescccteten sf Ee 


t. No inhibitor 





molybdate 1%.. 


18. Sodium | tungstate 1% o/s sodium | 








5. Sodium metasilicate 0.1% (pH | 
reduced to 9.9 with phosphoric 
acid) 


19. Sodium metasilicate 0.5% (pH 
reduced to 10.0 with phosphoric 








7. Potassium chromate 0.3%.... 


8. Sodium tetrasilicate 0.1%...... 


20. Sodium hensoate 2% + sodium 
metasilicate 0.1% (pH reduced 
to 9.9 with phosphoric acid). . 








). Sodium tetrasilicate 0.1% + bo- | 
rax 1% 


. Potassium chromate 5% 


. Sodium benzoate 20% 





21. Sodium cinnamate 2% + sodium | 
metasilicate 0.1% (pH reduced 
to 9.9 with phosphoric acid)... . 








22. Sodium tungstate 1% + sodium 
molybdate 1 % + sodium meta- | 
silicate 0.1% (pH reduced to 
9.7 with phosphoric acid)... ...| 








2. Tannic acid (pH adjusted t to 7. 5 | 
with sodium hydroxide). . 








23. Tannic acid 1% + sodium meta- 
= 0.1% (pH adjusted to | 
9.9 





3. Potassium chromate 0.3% 
sodium metasilicate 0.1% (pH 
reduced to 9.6 with phosphoric 


4, Sodium benzoate 5%. 





tetrasilicate 0.1% 





5. Sodium benzoate < 2%.. a 








24. Sodium tungstate 1% + sodium 
molybdate 1% + sodium tetra- 
silicate 0.1% (pH reduced to | 
9.5 with phosphoric acid) 


25. Sodiumcinnamate 2% + sodium | 
% (pH reduced 
to 9.5 with phosphoric acid). 


G.D.W. 








*G.D.W. = glycol- distilled + water. 
D.W. = distilled water. ¥ 


Results of Inhibitor Trials 


First Series (Screening Tests Using Dis- 
tilled Water) 


Silicate based inhibitors which proved 
satisfactory included 0.1 percent sodium 
metasilicate, 0.1 percent sodium metasili- 
cate plus 0.3 percent sodium mercapto- 
benzothiazole, 0.1 percent sodium tetra- 
silicate, 0.1 percent sodium tetrasilicate 
plus 1 percent borax and 0.1 percent 
metasilicate plus 0.3 percent potassium 
chromate. 

A large precipitate formed in all solu- 
tions containing sodium mercaptobenzo- 
thiazole, and only two of the five solutions 
containing this compound proved suffi- 
ciently inhibitive to aluminum. Both solu- 
tions also contained silicates, but they 
were not tested in further trials because 
formation of a precipitate from solution 
was considered undesirable. 

The use of sulfides failed because of 
the non-protective nature of the copper 
sulfide film. If the sulfide concentration 
was maintained at 0.01 percent, the cop- 
per turnings were corroded by progres- 
sive sulfide film formation. 

The following chromate solutions effec- 
tively inhibited corrosion of the alumi- 
num alloy: 0.3 percent potassium chro- 
mate, 5 percent potassium chromate, 0.3 
percent sodium chromate plus 0.5 per- 
cent sodium borate plus 0.1 percent so- 
dium nitrite and 0.3 percent potassium 
chromate plus 0.1 percent sodium meta- 
silicate. 

Of the solutions containing benzoate, 
1.5 percent sodium benzoate solution plus 
0.1 percent sodium nitrite caused pittting 
in two areas. The 2 percent and 5 per- 
cent sodium benzoate solutions inhibited 
corrosion, but with the 20 percent solu- 


G.T.W. = glycol-tap water. 
W. = tap water. 


tion, some pitting of specimens occurred 
above the meniscus because of creep and 
drying out of the benzoate. 

Guanidine carbonate accelerated the 
corrosion. 

A 1 percent borax solution was not an 
effective inhibitor, but addition of 1 per- 
cent borax to a 0.1 percent sodium tetra- 
silicate solution materially improved the 
performance of the latter. 

A 2 percent solution of sodium cinna- 
mate was an effective inhibitor. Solutions 
containing sodium tungstate plus sodium 
molybdate were partially effective. 


Second Series (Glycol-Distilled Water) 


Inhibitor formulations which per- 
formed satisfactorily in the room tem- 
perature tests without presence of glycol 
were tested in 30:70 distilled ethylene 
glycol-distilled water solutions. Test 
panels of aluminum alloy 52S were sus- 
pended in 300 ml of each solution, and 
small amounts of copper turnings and 
50:50 tin-lead solder turnings were added 
to each solution as before. 

This second test series was conducted 
for nine weeks with temperature main- 
tained at 95 C, 7 hours per day for each 
5-day working week. During the over- 
night and week-end periods, the solutions 
were allowed to cool to room tempera- 
ture. 

Results of the second test series are 
presented in Table 3. For determination 
of weight losses after test, the panels 
were immersed for two minutes in con- 
centrated nitric acid at room tempera- 
ture. In a few instances, it was necessary 
to follow the nitric acid pickle by treat- 
ment in a solution containing 5 percent 
phosphoric acid plus 2 percent chromic 
acid at 80 to 85 C. Appropriate blank 


corrections were applied to the weight 
loss values. 

Tests 1 to 5 show not only the detri- 
mental effect of copper but also a marked 
increase in corrosion caused by ethylene 
glycol. A similar observation has been 
noted in the literature.” The appearance 
of the copper in these tests suggested 
that glycol may destroy the oxide film 
normally formed on copper in aqueous 
media, thereby increasing the copper ion 
concentration in solution. 

Silicate based solutions 6 and 8 gave 
satisfactory performance for three weeks, 
then breakdown occurred with etching of 
the aluminum. Solution 19 (0.5 percent 
metasilicate) was satisfactory for eight 
weeks. In each of these cases and in the 
silicate bearing Solutions 20, 21, 22, 24 
and 25, a considerable decrease in pH 
occurred during the test. Solution 9 
(sodium tetrasilicate-borax) showed the 
buffering effect of borax in lessening the 
decrease in pH, and inhibition of alumi- 
num was satisfactory. Some corrosion of 
the solder occurred although this may be 
eliminated by increasing the silicate con- 
centration. 

In the first series of tests conducted in 
non-glycol containing solutions at room 
temperature, solutions containing chro- 
mate satisfactorily inhibited corrosion of 
aluminum. Although some reduction of 
chromate would occur in glycol, three 
of these systems were included in the 
schedule. Solution 10 was particularly 
satisfactory in inhibiting corrosion of 
aluminum, copper and solder, but the 
reduction of chromate produced a green 
precipitate (chromium hydroxide) which 
could have harmful effects in cooling 
systems. 

Satisfactory inhibition of aluminum in 
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Figure 1—Microstructure of 50:50 tin-lead solder corroded by 20 percent sodium benzoate solution. Corrosion 
has taken place preferentially in the lead-rich a phase. 


an ethyl alcohol-water solution using 
potassium dichromate has been reported,” 
but the concentration of dichromate was 
reduced to one-third the original in 16 
days with most reduction occurring in 
the first two or three days. In the present 
tests on a 30 percent ethylene glycol 
solution, initial concentration of 4.7 per- 
cent potassium chromate was reduced to 
4.2 percent after 15 days at operation 
temperature of the second trial series. 
While reduction of chromate was limited, 
precipitate formation was considered un- 
desirable. 

Of the organic inhibitors tested, cin- 
namate (Solution 16) seems the most 
promising for aluminum but produced 
a pustular form of corrosion product on 
copper. The 20 percent sodium benzoate 
solution caused extreme embrittlement of 
the solder, but no obvious embrittlement 
was observed with the 5 and 2 percent 
benzoate solutions. Metallographic ex- 
amination showed that the solder sample 
in 20 percent benzoate solution was se- 
verely affected by preferential a phase 
corrosion (see Figure 1). There was com- 
paratively minor preferential a phase cor- 
rosion also in the 5 and 2 percent solu- 
tions. 

Brittleness of the solder turnings was 
noted also in the first series (distilled 
water) tests, being most severe with the 


20 percent benzoate solution and _ least 
severe with the 2 percent solution. Metal- 
lographic examination confirmed that the 
extent of preferential a phase corrosion 
diminished with decreasing benzoate con- 
centration. 

Wormwell and Mercer” stated that 
soldered joints remained unattacked for 
over two years in glycol solutions con- 
taining 5 percent sodium benzoate. Four- 
teen-day thermo-syphon tests by Vernon 
et al” showed that a 30 percent solution 
of sodium benzoate was virtually non- 
corrosive toward solder. In the present 
tests in which solder turnings were only 
0.005 inch thick, detection of preferential 
corrosion of one alloy phase would be 
easier than in the case of soldered joints. 

Benzoate solutions were prone to creep 
and caused some etching of the alumi- 
num alloy above the liquid level. Vernon 
also refers to sodium benzoate creep but 
found it non-corrosive to duralumin. 

Some incidental tests were conducted 
on anodized aluminum alloy 52S sealed 
with various inhibitors in a manner simi- 
lar to that used by Whitby.” Confirming 
the results reported above, these tests 
showed that silicate sealing of the ano- 
dized coatings was most effective. Thick 
films produced by the sulphuric acid proc- 
ess were naturally better than the chromic 
acid process coatings, primarily because 


Any discussion of this article not published above 


will appear in the December, 1959 issue 
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they permitted greater absorption of sili- 
cate inhibitor. 


Conclusions 


These tests have shown the remarkable 
sensitivity of an aluminum alloy to cor- 
rosion in a 30:70 glycol-water mixture 
when the latter contains trace amounts 
(0.3 to 2 ppm) of copper in solution. 
This applies to redistilled glycol-distilled 
water mixtures. Marked corrosion accen- 
tuation occurred if the distilled water was 
replaced by fairly pure tap water con- 
taining only 10 to 15 ppm chloride. 

On the basis of laboratory trials con- 
ducted on a cyclic temperature basis in 
ethylene glycol-distilled water mixtures, 
two inhibitive systems based on (1 
sodium tetrasilicate plus sodium tetra- 
borate and (2) sodium tetrasilicate plus 
sodium tetraborate plus sodium cinna- 
mate can be recommended for service 
trials. 
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Notch Sensitivity Effects in Stress Corrosion and 
Hydrogen Embrittlement Tests on High Strength Steels* 


Introduction 

ib HERE ARE no universally accepted 
} tests for determining susceptibility to 
stress-corrosion cracking or to hydrogen 
inbrittlement. In most cases the evalu- 

on of these properties is sought in tests 

which, if complete fracture of the 
specimen occurs, the measurement re- 
ported is the time for rupture. The pur- 
pose of this paper is to show how in 
some instances this test procedure can 
g.ve erroneous impressions of the rate of 
cracking by stress-corrosion or by hydro- 
gen embrittlement. To show this requires 
first a consideration of the fracture be- 
havior of these steels under purely me- 
chanical conditions. 


Behavior of High-Strength Steels 
in Notch-Sensitivity Tests 

Various segments of industry are be- 
coming aware—sometimes at consider- 
able expense—that structures fabricated 
from high-strength steels* may shatter by 
brittle fracture in proof-testing at a small 
fraction of the design stress. The reason 
for this behavior appears to be a combi- 
nation of (a) notches, cracks, flaws, or 
other stress-raisers and (b) steel charac- 
teristics because of which the effective 
strength of the steel is seriously lowered 
by the presence of a stress raiser. 

The notch sensitive characteristics of a 
steel cannot be anticipated from the be- 
havior of the steel in conventional tensile 
tests, regardless of how these tests are 
conducted and interpreted. In order to 
determine how the steel will behave 
under stress in the presence of a stress 
raiser, it is necessary to conduct a special 
test, usually one in which the specimen 
contains a suitable notch. Such a test, as 
developed and applied at the U. S. Naval 
Research Laboratory,! makes use of a 
conventional sheet tensile specimen in 
which a sharp central crack is intro- 
duced. The specimen is pulled to frac- 
ture and the results are expressed as net 
fracture stress. 

It is observed that the net fracture 
stress exhibits a transition from high to 
low values when the test temperature is 
lowered sufficiently (Figure 1). This 
transition is commonly accompanied by 

change in fracture appearance from 
shear to shear-plus-brittle to all-brittle 
fracture. In the shear-plus-brittle range 
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The term “‘high-strength” steels here refers to 
those steels, martensitic or precipitation- -hard- 
ening, low-alloy or ‘“‘stainless,”” which have 
yield strengths exceeding about 180 ksi. 
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the shear zone appears as a lip at the 
surfaces of the specimen. 

The transition temperature thus de- 
termined is strongly dependent upon 
such metallurgical variables as composi- 
tion and heat treatment. For a given 
composition and heat treatment, the 
transition temperature as determined in 
such a test is also affected strongly by 
specimen shape and size: It is possible 
to decrease the transition temperature 
200 F by reducing the specimen thick- 
ness from 0.041 inch to 0.010 inch.? The 
steel used throughout the study reported 
here was the same as used to derive the 
curves in Figure 1 and was a constant 
thickness. 

Thus if one is stressing at a sufficiently 
high level a specimen which is notch 
sensitive by reason of composition, heat 
treatment, thickness and temperature, 
and a sharp notch is introduced, the 
specimen can be expected to rupture at 
stresses much lower than anticipated by 
the tensile test. A stress-corrosion crack 
might be expected to produce just such 
a sharp notch. 

One can then deduce from Figure 1 
that if a specimen of this steel tempered 
at 900 F is subjected to stress-corrosion 
attack near room temperature, under a 
constant load corresponding initially to 
one-half the yield strength, the amount 
of true stress-corrosion cracking would 
not be expected to be extensive before 
the remainder of the specimen broke 
abruptly in brittle fracture. The continu- 
ous curve in Figure 1 shows the proper- 
ties of a steel of similar composition 
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Abstract 


The various high-strength steels differ from 
each other in their resistance to brittle 
fracture under stress in the presence of a 
notch; this property, called notch sensi- 
tivity, also varies with heat treatment. It 
is shown that this purely mechanical phe- 
nomenon may terminate a stress-corrosion 
test in such fashion as to give an errone- 
ous impression of the rate of stress-corro- 
sion crackin 

Extensive Tenctuve senate data are re- 


ported on modified steel ja 
mens tempered at 4y75'F ane fe 1075 F and 
stress corrosion cracked. Crack growth be- 
havior for 11 specimens is shown graphi- 
cally. Ted 


which was tempered at 1050 F. Two 
points are to be noted here: considerably 
more stress-corrosion (under the same 
initial stress) would be required before 
the stress on the uncorroded cross-section 
attains the room temperature net frac- 
ture stress, and since the room-tempera- 
ture fracture of the center-cracked speci- 
men was ductile (shear) fracture, the 
terminal fracture of the stress-corrosion 
specimen would be expected to be a 
shear fracture. 

Therefore, if a specimen heat-treated 
to be notch sensitive is placed in a stress- 
corrosion test under an initial stress of 
100 ksi, one would expect it to rupture 
as soon as the stress-corrosion crack had 
grown large enough to become an effec- 
tive notch. But a specimen heat-treated 
to be notch-insensitive under the same 
initial stress would have to undergo a 
great deal of stress-corrosion—roughly 
half the cross section—before the stress 
exceeded the net fracture stress. (It 
should be noted. that not only the extent 
of cracking but also the geometry of 
crack area would be expected to influ- 
ence the onset of terminal fracture.) In 
other words, failure of a notch-tough 
specimen in a stress-corrosion test under 
constant load is expected to represent 
much more extensive stress-corrosion 
than failure of a notch-sensitive specimen 
under the same conditions.** 

The foregoing represents the behavior 
to be expected in stress-corrosion tests 
of high-strength steels. In order to check 
these expectations experimentally it is 
necessary to distinguish between the 
stress-corrosion and the purely mechan- 
ical fractures. 


bad See for the present study were not avail- 
able in precisely the same heat treatment as 
those of Telereass 2 from which Figure 1 was 
taken. Extensive experience in the field of crack 
propagation in steels of this general class, how- 
ever, has demonstrated consistently that decreas- 
ing ‘the tempering temperature from 900 F to 
875 F increases the notch brittleness, and that 
increasing the tempering temperature from 
1050 F to 1075 F increases the notch toughness: 
in short, the tempering treatments for the stress 
corrosion specimens would give even greater 
difference in transition temperature than is 
shown in Figure 1 
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TESTING TEMPERATURE (°F) 
Figure 1—Effect of temperature on the net fracture 
stress of modified Type 422 steel tempered at 900 F 
(broken curve) and 1050 F (continuous curve). 


Center-cracked strip specimens were 0.040-inch thick. 
(From Reference 2.) 


Distinguishing Mechanical Fracture 
From Stress-Corrosion Fracture 


Shear fracture can sometimes be dis- 
tinguished from a stress-corrosion crack 
by metallographic examination of the 
cross section, in which the shear fracture 
may exhibit near the fracture surface 
signs of the plastic deformation which is 
responsible for the high energy absorp- 
tion associated with this mode of frac- 
ture. In some cases, however, this plas- 
tically-deformed zone may be so thin as 
to be difficult to identify with confidence. 
An effort has been made in this labora- 
tory to distinguish by metallographic 
section between brittle-fracture and 
stress-corrosion cracking in these high- 
strength sheet steels, but reliable diag- 
nostic metallographic criteria for the 
general case have not been developed. 

On the macroscopic scale, however, 
there has long existed a type of fracture 
appearance which positively identifies 
brittle fracture. This feature, which has 
come to be known as “chevron mark- 
ings,” may be seen in Figure 2; the chev- 
rons are attributed to stoppage and re- 
initiation of brittle fracture,* and they 
always point to the origin of fracture. 
(Appearances of fracture surfaces are 
particularly difficult to capture photo- 
graphically, and none of the photographs 
reproduced here illustrate the noted 
characteristics as clearly as the eye sees 
in the original specimen. 

Brittle fractures, once initiated, propa- 
gate at speeds roughly one-third the 
speed of sound in the metal. No evidence 
appears to have been found to indicate 
that a stress-corrosion crack propagates 
at anything approaching this speed. It 
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Figure 2—Fracture surface of center-cracked specimen broken in tensile machine below its transition 
temperature. Chevron markings on the brittle-fracture surface point toward the initial center crack. 9X) 


appears reasonable to accept tentatively 
very high rates of propagation, by which 
is meant rates higher than can be meas- 
ured by eye, as an additional criterion 
for brittle fracture. 


Experiments on Mechanical Fracture in 
Stress-Corrosion Specimens Under 
Tension 


Flat strip specimens were held in ten- 
sion by wedge grips in a stress-rupture 
machine and exposed to corrodent. If 
the entire specimen was exposed, the 
slight bending moment introduced by 
imperfect alignment caused fracture to 
initiate at one edge, as indicated by the 
chevron markings of Figure 3. In order 
to cause fracture to initiate at the center 
of the specimen, to be able to compare 
fracture appearance with the center- 
cracked notch-sensitivity specimens, three 
schemes were used: 


(1) The specimens were masked with 
stop-off lacquer everywhere except for a 
central panel, which was exposed to the 
corrodent. 


(2) A wick was used to bring the cor- 
rodent to a single centrally-located spot 
on the specimen, which was otherwise 
not in contact with corrodent. 


(3) Holes were drilled on the center- 
line of the specimen, which was then ex- 
posed to the corrodent; these holes pro- 
vided sufficient stress concentration to 
ensure that fracture initiated at the 
center. 


Although the chevron markings and 
shear lips on such specimens clearly de- 
fined much of the fracture as purely 
mechanical, the exact extent of the 
purely stress-corroded crack could not 
be established. To accomplish this two 
holes 0.076 inch in diameter were drilled 
on the centerline with centers one inch 
apart. The purpose of these holes was 
again to ensure that stress-cracks ini- 
tiated at the center rather than at the 
edge but secondly to produce two sets 
of cracks which it was hoped would grow 
at about the same rate. Each specimen 
was then stressed under constant tensile 


* The corrodent used throughout this study was 
1 percent acetic acid in distilled water saturated 
with NaCl, de-aerated by an aspirator pump, 
and then saturated with HS. In the tensile 
stress-corrosion tests the container surrounding 
the specimen was completely filled with solu- 
tion and sealed with paraffin wax to minimize 
loss of H2S. Strictly speaking it is not known 
whether this solution causes cracking by stress- 
corrosion (an anodic process) or by hydrogen 
embrittlement (from a cathodic process). This 
could be determined readily but is unimportant 
to the essential thesis, which is that brittle frac- 
ture may terminate a fracture in these steels re- 
gardless of the mechanism responsible for initiat- 
ing the fracture. 
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load in corrodent* until it broke through 
one of the holes. It was then baked at 
least four hours at 450 F, which served 
both to remove corrodent and hydrogen 
and to heat-tint the stress-corrosion 
cracks at the hole through which the 
specimen had not broken. The specimen 
was then pulled to fracture in the ten- 
sile machine. 

The loads required to break the spevi- 
men through the second hole averag:d 
about 3 percent, and were never as much 
as 10 percent higher than those imposed 
in the stress-corrosion part of the experi- 
ment, as may be seen in Table 1. This 
is taken to indicate that the size and 
distribution of stress-corrosion crack 
areas in the two holes of a given speci- 
men were reasonably near the same, and 
that therefore the heat-tinted areas listed 
in the table represent a fair estimate of 
the extent of stress-corrosion cracking 
which occurred prior to terminal me- 
chanical fracture through the first hole. 

Figure 4 shows fractures of sets of 
specimens tested as above. Figure 4a 
shows the fracture through one hole of 
a notch-sensitive specimen subjected to 
a stress-corrosion cracking test at 100,000 
psi initial nominal stress and just below 
it (Figure 4b) the tensile fracture 
through the remaining hole; the dis- 
colored area near the central hole is the 
heat-tinted zone. (The dark areas on the 
extreme right of Figure 4b are lighting 
effects. ) 

Figure 4c shows the fracture through 
one hole of a notch-insensitive specimen 
under the same conditions as 4a, while 
4d shows the tensile fracture. In both 
Figures 4c and 4d it can be seen that 
the stress-corrosion cracks ran completely 
across one side of the specimen and half- 
way across the center of the opposite 
side. 

At the higher stress (150,000 psi ini- 
tial nominal stress) the brittle specimen 
again showed only a small stress-corro- 
sion crack in the second hole when rup- 
ture occurred through the first hole, but 
the notch-insensitive specimen showed 
considerable cracking. 


Fracture of Bent-Beam Specimens 


The fact that brittle fracture can 
occur during a stress-corrosion test con- 
ducted with the specimen under tension 
does not require of course that it occur 
in a specimen loaded in bending. Speci- 
mens of the same modified Type 422 
stainless steel were observed therefore for 
cracking behavior when bent and ex- 
posed to the standard corrodent. The 
specimens were tempered at 875 F in 


Figure 3—Fracture surface of ‘‘stress-corrosion cracking” specimen broken under constant tensile load. Note chevron markings which cover most of the fracture 
surface and point to the left, indicating that brittle fracture initiated a left edge and propagated across entire specimen. Grayish zones of varying thickness can 
be seen along both sides; these are typical shear lips and are of purely mechanical origin. 
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(a) Fracture which occurred during stress-corrosion test on specimen tempered at 875 F. 






b) Tensile fracture through remaining hole of same specimen; very small darkened area near central hole indicates limited amount of stress-corrsion cracking 
which occurred before mechanical fracture commenced. 
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(d) Tensile fracture through remaining hole of same specimen; darkened band shows that a stress-corrosion crack had progressed completely across one face 
and partially across the opposite face before mechanical fracture commenced. 








Figure 4—Fracture surfaces of two-hole specimens: 
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Figure 5—Crack propagation in bent strip specimens at various stress levels immersed in corrodent. 






TABLE 1—Net Fracture Strengths of Two-Hole Specimens Previously Stress-Corrosion Cracked to Rupture 
Through One of the Holes 






























| 

| Stress-Corrosion | Tensile 

| Time to Max. Max. Load/ Area 

Tempering Load Nominal Fracture Load Residual area Heat-Tinted 
Specimen No. Temp. | (Ib) Stress (psi) (hrs) (Ib) (psi) | (Sq. in) 
Dive cocc Berra vaew oone viiperonenane were 875 F 3600 100,000 0.2 3600 118,000 0.0054 
SE ee reer re es ee Peary ne 1075 F 3600 100,000 1.3 3300 173,000 0.0170 
Se ayant ea ree es 875 F 5400 150,000 0.1 5600 164,000 | 0.0018 
Re ee ore ar ame re 1075 F 5400 150,000 0.7 5700 238,000 | 0.0120 
Bio eg nan pnaeeae TD cies eee 875 F 5400 150,000 0.1 5350 169,000 0.0043 
Coe owe eee Ae ea tee eR dene eReree races 1075 F 5400 150,000 0.5 5450 | 194,500 0.0070 
| | 





Notes: Tensile properties without drilled holes, as tempered (a) 875 F: 250,000 psi ultimate, 167,000 psi yield. 
Tensile properties without drilled holes, as tempered (b) 1075 F: 210,000 psi ultimate, 166,000 psi yield. 
Tensile properties with drilled hole, as tempered (a) 875 F: 211,000 psi ultimate. 
Tensile properties with drilled hole, as tempered (b) 1075 F: 187,000 psi ultimate. 
These two tempering temperatures were selected to accentuate the difference in transition temperature anticipated from Figure 1. 










order to be notch sensitive. They were sure, and a scale was scribed on the lens. The length of crack on the tension 
I4eths of an inch wide by 0.040 inch specimen with points one-eighth of an side was readily observable not only be- 
thick and 8 inches long; specimens were inch apart along a traverse parallel to cause of the tendency for such a crack 
stressed by being bent and held in a and near the expected fracture path. to open up but also because of the 
hakelite fixture. A small sharp notch was The specimen was then immersed in the — stream of small hydrogen bubbles which 
{ 

I 







led at the edge of the specimen at its corrodent, which was contained in a_ were discharged from the cracked area. 
\id-length in order to promote the nu- glass beaker. The progress of fracture The specimens were under constant 
cleation of a single crack during expo- was monitored with the aid of a hand observation, but measurements of crack 
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length were recorded only at one-minute 
intervals if the crack were growing con- 
tinuously, and additionally at the time 
of a jump if growing discontinuously. 
The crack growth behavior for 11 speci- 
mens is shown graphically in Figure 5. 
Specimen 1 was the only one stressed 
within the elastic limit and was bent so 
that the chord of the arc was 7%¢ inches 
long; the stresses increase with increasing 
specimen number, the chords of the re- 
maining specimens being as follows: 734, 
76, 7%, 634, 6%, 6%, 6, 57%, 534, and 
5% inches. 

It will be seen in Figure 5 that al- 
though in a general way higher stresses 
have tended to produce shorter incuba- 
tion times, there are many exceptions to 
this, presumably caused by poor repro- 
ducibility of the small initial filed notch. 
No concern was felt for this, however, 
since the rate of growth of the crack 
rather than its incubation time was the 
significant thing to watch. 

It was concluded from the data of 
Figure 5 that for specimens 1 through 3 
the stress was sufficient to initiate brittle 
fracture from an undetectably small 
stress-corrosion crack. It also was deter- 
mined for these specimens that the stress 
was insufficient to propagate the brittle 
fracture far before it was arrested by 
some unspecified metallurgical barrier, 
and that thenceforward the cracking oc- 
curred by stress-corrosion cracking in 
these specimens. In specimen 4 all the 
fracturing appears to be by stress-corro- 
sion cracking, with the exception of the 
small amount of fast terminal fracture 
observed in all specimens. At stresses 
higher than that of specimen 4, the frac- 
tures occurred by a series of brittle- 
fracture segments; presumably the metal- 


lurgical barriers which arrest these brittle 
fractures are removed by stress-corrosion. 
In general, the higher the stress, the less 
likelihood that the fracture once initiated 
will be stopped, so that in specimen 11, 
after a small crack had appeared, the 
remainder of the specimen fractured in 
a single run. 

The interpretation of the rate curves 
is as follows: For specimens 1 through 
4 some process not involving stress inten- 
sity, perhaps a diffusion process, is the 
rate-limiting process in stress-corrosion 
cracking at these stress levels. The dis- 
continuous change in crack propagation 
rates, a change which amounts to at least 
three orders of magnitude, surely indi- 
cates a fundamental change of cracking 
mechanism, and the most likely mecha- 
nism to account for both the observed 
high propagation rate and the observed 
low ductility is conventional brittle frac- 
ture. In confirmation of this, the fracture 
surface was observed to contain a thin 
irregular shear lip on the tensile surface 
and resembled in all details a specimen 
of the same steel bent to fracture in the 
absence of corrodent. 


Discussion 

It is thus apparent that under some 
conditions a great part of a fracture 
occurring in a stress-corrosion test speci- 
men can be produced by purely mechan- 
ical action. 

For the materials user, rupture of a 
given material after short exposure ap- 
pears sufficient for the practical purpose 
of rejecting the material without distin- 
guishing between stress-corrosion crack- 
ing and brittle fracture; it should be 
noted however that this could sometimes 
lead to rejection, because of extreme 


Any discussion of this article not published above 


will appear in the December, 1959 issue 


Vol. 15 


notch sensitivity, of material which 
cracks by stress-corrosion only very 
slowly and which in other geometries 
and other stress configurations might not 
be susceptible to brittle fracture. If the 
materials user observes absence of crack- 
ing in specimens of a given material, 
this would suffice for tentative accept- 
ance from the standpoint of stress-cor- 
rosion cracking, although of course it 
says nothing about notch sensitivity. 

It is really the materials producer wi.o 
has the greater stake in separating the 
two modes of fracture. For it is unlikeiy 
that in the general case variations in 
heat treatment and in alloy composition 
will affect the susceptibilities to the two 
modes of fracture in the same way. 
When the time arrives that the metal- 
lurgical variables controlling these two 
types of failure are better understood, 
the improvement of a given material will 
be more expeditious if one assesses the 
two properties separately. 
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Abstract 


Results are given of laboratory experiments 
and periodic examinations on board ship 
to determine the service behavior of alu- 
minum alloys in wooden hull minesweepers 
constructed with aluminum alloy frames. 

Service failures are illustrated. Most of 
them were caused by use of incorrect ma- 
terials, substitution of materials not given 
in specifications, poor industrial manufac- 
turing or insufficient technical control. 

Service behavior of stainless steel used in 
conjunction with aluminum was good if 
the surface area ratio of the two materials 
was about 1 to 5. Zinc chromate as a cor- 
rosion inhibitor for aluminum alloys gave 
satisfactory service. 

Other topics included are lagging with 
asbestos, aluminum corrosion products and 
use of greases and lubricants containin: 
graphite. 6.4.3 


Introduction 
Oe TEN years ago, the Royal 

Canadian Navy decided to design 
and build a new class of non-magnetic 
inesweepers constructed of wooden 
ils on aluminum frames with all deck- 
uses and many internal fittings fabri- 
ted of aluminum. These Bay Class 
inesweepers were diesel powered with 
esh and salt cooling waters circulated 
hrough aluminum alloy tubes. 

The designers found that information 
oa aluminum alloy behavior for the oper- 
ational service required on these ships 
vas not exact and often contradictory. 

Because no prototype ship was to be 
vuilt, it was decided that all ships of the 
irst squadron should be examined regu- 
ily during the first years of service for 
the overall behavior of the aluminum. 
rhis examination was not to be confined 
to corrosion although corrosion probably 
would be one of the major factors to be 
assessed. It was decided also that two 
laboratory experiments should be insti- 
tuted, complementary to the eventual 
shipboard examinations. 

In one laboratory experiment a struc- 
ture was built to approximate conditions 
in the hull construction of the mine- 
sweepers. The main object was to study 
the corrosion behavior of the fastenings 
used to bolt the outer wooden planking 
to the inner aluminum frames. 

The second laboratory experiment was 
a full scale mock-up of the ship’s main 
engine cooling system. The requirement 
was to investigate the behavior of alumi- 
num pipes and components in the circu- 
lating systems which included copper- 
base alloys. Not only was the question of 
possible galvanic action studied but also 
the then unknown behavior of clad alu- 
minum alloy piping handling water con- 
taining copper salts. 

Duplication occurred, but its value was 
far greater than was realized at the time 
the experiments were projected. This 
was because in the laboratory experi- 
ments extreme care was taken that work 
and materials conformed to specifications 
set by the Naval Constructor-in-Chief. 
[his enabled valuable check-backs to be 
made when inequalities occurred on the 
/perational ships. 


Details of Laboratory Experiments 
Hull Experiment 

The requirement of the hull experiment 
was a survey of the corrosion behavior of 


* Submitted for publication October 20, 1958. A 
peer presented at a meeting of the Northeast 


egion Conference, National Association of Cor- 
rosion Engineers, Boston, Oct. 6-8, 1958. 
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Figure 1—Plan view of box constructed to simulate relationship of aluminum to wood on the minesweepers. 
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four materials, (aluminum, uncoated steel, 
galvanized steel and cadmium plated 
steel) to be used as bolts for fastening 
wooden skins to aluminum frames of the 
vessels. Also included in the survey were 
aluminum screws and clench nails used 
to join two layers of the hull planking 
(African Mahogany). 

The experimental construction was a 
square aluminum (AA6061) box with a 
mahogany bottom. Each side of the box 
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was fastened with a different material. 
Inside the bottom, aluminum plates were 
used to simulate the frames to which 
was bolted the wooden skin. Various 
paint systems were used on different 
parts of the box and the 2-inch thick 
outer skin was panelled into several sec- 
tions so that anti-fouling paint systems 
could be tested. 

Detailed plans and diagrams of the box 
are given in Figures 1 and 2. Figures 3 
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and 4 are photographs of the inside and 
outside. 


Cooling System Experiment 

Arrangement of the cooling system ex- 
periment is shown diagramatically in 
Figure 5. General layout of the plant, 
shown in Figure 6, was as follows: 

The sea water was taken from the 
harbor directly into a mahogany coffer 
dam. Because the dam was of the same 
material as the minesweeper hulls, oper- 
ating conditions for the aluminum scoops 
were simulated. 

The sea water suction line was run 30 
feet from the jetty on the harbor bed to 
decrease the risk of having contaminated 
water entering the system. From _ the 
coffer dam, the sea water flowed through 
an 18/8 stainless steel strainer fitted in 
an aluminum body (Alloy-220) to the 
main engine circulating pump. After 
passing through the pump, the water di- 
verged to two copper-base alloy coolers. 

The copper-base components were, as 
far as possible, prevented from contact 
with the aluminum fittings by means of 
rubber insulators. The fresh water, heated 
with controlled temperature was circu- 
lated by an auxiliary pump. The water 
was chromated to 3000 ppm at pH 7.0 
and tested weekly for chromate and 
chloride content. Five temperature con- 
trol points were located throughout the 
system. Regular records were kept.” The 


These records show that the maximum tem- 
perature variation on the hot water lines did 
not exceed + 10° F. from the optimum opera- 
tional temperature. The temperature of the sea 
water, however, varied from 75 F to 32 F. 
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view of box used to conduct 
experiments. 
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Figure 4—Interior of box showing aluminum plates 
used in experiments to simulate aluminum frames 
used in the wooden hull ships. 


Figure 5—Diagram of the experiment conducted to test service behavior of materials in the minesweepers’ 
cooling system. 


plant was run continuously at full speed 
for the first 2000 hours (passing approxi- 
mately 28,250,000 gallons) followed by 
roughly 3000 hours at half speed with 
frequent shut downs (stagnant periods). 
Throughout the test period, valve fittings 
were worked frequently and well lubri- 
cated with ordinary lubricating oil. 


Results From Laboratory Controlled 
Experiments 


Hull 


Anti-Corrosive Coatings: All outside 
surfaces of the box were coated originally 
with one or two coats of zinc chromate 
paint (each coat approximately 2 mils 
thick) after treatment with a wash 
primer (WP.1-MIL-C-15328A). Exami- 
nations were made after 18 months and 3 
years. After the 18-month examination, 
the zinc chromate coats were wire 
brushed to remove salt and_ incipient 
weed fouling and repainted. The be- 
havior of the zinc chromate was excel- 
lent. 

At the end of 3 years, no aluminum 
surface coated with zinc chromate 
showed corrosion of the underlying metal 
(Alloy AA 6061) other than superficial 
attack at scratches. If properly applied, 


the surface was a successful barrier to 
galvanic attack. 

Zinc chromate is easy to apply. The 
metal surface need not receive pre-treat- 
ment other than that it be clean and 
grease free. It can be sprayed or brushed 
as desired. No other barrier coat has been 
so successful. 

Two coatings were used over the zinc 
chromate: aluminum paint (pure phe- 
nolic vehicle) and standard copper-base 
anti-fouling paint (alkaline bituminous 
cuprous oxide). The coats of aluminum 
paint (approximately 1.5 mil each) over 
the zinc chromate on the box’s exterior 
did not adhere well, but on the box’s in- 
terior, when used without zinc chromate, 
the paint showed little sign of flaking 
and prevented corrosion in the bilge-like 
conditions of this location. 

Two exterior sides of the box were 
painted with standard copper-base anti- 
fouling paints (approximately 1.2 mil 
each coat); one side was painted over 
one coat of zinc chromate followed by 
one coat of aluminum paint, the other 
side over two coats of zinc chromate. In 
both cases, some of the anti-fouling paint 
had stripped from the under-coatings, but 
the stripping was more severe on the side 
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having aluminum paint over the zinc 
chromate, where the stripping occurred 
mostly between the aluminum paint and 
zinc chromate. 

Copper-base anti-fouling paints had 
not caused serious acceleration of corro- 
sion of the underlying aluminum. There 
was more corrosion of the aluminum at 
scratches on the sides having the anti- 
fouling paint, but in no case was corro- 
sion more serious than that which oc- 
curred on all sides for about 3 inches 
from the bottom of the box where there 
had been fouling with weed and mussels. 

Severity of incipient corrosion at the 
scratches bore a direct relation to the 
width of the scratch, but even inch wide 
scores appeared to obtain some protec- 
tion from the zinc chromate, and corro- 
sive attack was negligible. Copper-base 
anti-fouling paint used on the wooden 
bottom did not cause any corrosion of 
the dowelled-in bolts. On the inside of 
the box, there was only a little corrosion 
of the unpainted sides or at holidays in 
the aluminum paint which was sprayed 
directly onto the aluminum. These find- 
ings have been confirmed on the opera- 
tional ships. 


Fastenings: Three-eight inch bolts were 
used on all sides of the box to fasten the 
aluminum angles (AA 6061) to the alu- 
minum sheet sides (AA 6061) and on the 
bottom to fasten the inner 1-inch ma- 
hogany planking to the aluminum angles. 
These bolts were of the following ma- 
terials: aluminum (AA 6061), mild steel, 
(AISI-1020) galvanized mild steel and 
cadmium plated mild steel. One material 
was used on each side. 


All the aluminum bolts, whether fas- 
tening aluminum to aluminum or alumi- 
num to wood, showed little corrosion 
though there was evidence of more at- 
tack where these bolts were in contact 
with the mahogany. At the end of 18 
months, those bolts which fastened alumi- 
num to aluminum were tight, but all 
those bolting aluminum to wood were 
loose. This was no fault of the aluminum 
but was an interesting observation which 
was of value to the operational ships. 

Mild steel bolts showed rusting on the 
heads, inside and outside the box, espe- 
cially where the protective paint had 
been removed. Also there was rusting of 
the bolt threads which projected above 
the nuts on the inside of the box. In no 
case was there any evidence of preferen- 
tial galvanic attack on either steel bolts 
or aluminum. The bolts were all tight 
and there was no attack on shanks or 
threads where they ran through the ma- 
hogany. Although corrosion of these mild 
steel bolts had occurred, the amount of 
attack found after 3 years was insufficient 
to condemn them as a fastening; they 
appeared good for many years of serv- 
ice, especially since no corrosion had oc- 
curred under the nuts or on the shanks 
which were well coated with zinc chro- 
mate paste. 

Hot dipped galvanized steel bolts (gal- 
vanizing 2 to 2.5 mils) under the condi- 
tions of the experiment appeared to be 
the best of the three steel bolts. 

Cadmium plated (about 0.3 mils thick- 
ness) steel bolts also behaved well, but 





Figure 6—Photo of the cooling system experiment. 


on the whole the galvanized steel be- 
haved better. All the cadmium plating 
was gone at the end of the 18 months. 
In this experiment there was no attempt 
to assess the behavior of bolts coated with 
comparative thicknesses of zinc and cad- 
mium. The requirement was to assess 
commercial stocks of these components. 

Five-eighth inch bolts were used to fas- 
ten the wooden planking to the alumi- 
num frames (AA 6061). In the hull ex- 
periment, test bolts went through both 
2-inch and 1-inch planking. All the bolts 
were dowelled into the outer 2-inch skin, 
fitted through holes drilled in the 1-inch 
wood and fastened to the inside alumi- 
num plates (representing the frames of 
the ship) with nuts of the same material 
as the bolts. Before fitting, all bolts were 
coated with a lubricant and the heads 
and nuts with Barium chromate paste. 
All dowel holes were filled with black 
plastic cement. 

Examination of the bolts of all three 
materials showed no significant corrosion 
of heads, shanks or those portions of the 
threads embedded in the mahogany. The 
only bolts to show any corrosion at all in 
these positions were the aluminum, which 
in some cases showed attack on the 
shank, evidently caused by the mahogany 
and not by any leaching inwards of the 
copper-base anti-fouling paints. In gen- 
eral, all aluminum components showed 
evidence of slight attack if they were 
touching the mahogany without a barrier 
coating. In the bilge, projecting threads 
of the aluminum under the nuts showed 
little attack. In all cases, there was 
slightly more attack of the aluminum 
where it was in contact with the ma- 
hogany. However, rate of attack was 
negligible because conditions in the in- 
side (bilge) of the box were severe (al- 
ternately wet and dry) over a period of 
1% years. 

Galvanized steel bolts showed good re- 
sistance to the bilge conditions. There 
was no corrosion of nuts or threads, and 
there was no preferential attack of the 
aluminum to which they were bolted. 
Behavior of aluminum bolts in the op- 
erational ships was not as satisfactory. In 
view of the hull experiment results, the 
trouble on the ships was considered to 
be caused by insufficient coatings of zinc 
chromate. 


©@) There was no appreciable difference between 
the barium chromate paste and the zinc chro- 
mate paste. The reason zinc has been preferred 
is purely economic, 
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Figure 7—Cross sections of clad aluminum tubing 

used in minesweeper cooling system. Section A was 

located 3 feet from copper-base main circulating 

pump; Section B was 10 feet from pump. No complete 

penetration was found, but the attack was heaviest 
near the copper-base alloys. 


Steel bolt nuts had rusted, and there 
was galvanic attack of the aluminum 
around the steel nuts. The amount of at- 
tack, however, though more pronounced 
than that found with the other two ma- 
terials, was not sufficient to condemn 
this material, under the conditions of test. 

The clench nails (AA 5056) showed 
no corrosion. This was confirmed by 
their service in the operational ships. 

Many of the aluminum screws (AA 
6061) showed severe pitting where the 
shank joined the threads. Some had cor- 
rosion at the tips. The reason for this is 
not known, but this corrosion was not 
caused by seepage of copper containing 
salt water down the shanks because the 
same type attack was found on the screws 
drawn from the copper-base and the non- 
copper-base anti-fouling paint sections. 

It is understood that these screws are 
cut, not “rolled” in manufacture; there- 
fore, a stress concentration may have 
occurred at the point of entry of the 
tool. The corrosion of the tips was due 
possibly to work hardening, this time 
caused by the driving of the screw, plac- 
ing all the work on the tip. 

The same type of attack was found in 
the operational ships, and it would ap- 
pear that the aluminum screws (AA 
6061) are not satisfactory for use in these 
conditions. 

The cadmium plated (approximately 
0.3 mil screws showed no serious rusting 
although the heads lost some plating. 
They have not been used operationally 
because of expense. 


Cooling System Experiment 

Generally, the cooling system was ii 
good condition, suggesting that the sys- 
tem is satisfactory when the specifications 
set by the Naval Constructor-in-Chief 
are followed. Where the clad aluminum 
tubing (AA 3003 clad with AA 7072) 
was downstream of the copper-base fit- 
tings, the piping corroded in many cases 
to the depth of the cladding but never 
showed complete penetration. The sec- 
tions of tubing which were cut showed 
that the attack was heaviest near the 
copper-base alloys (G. Bronze) and de- 
creased rapidly the further the piping 
was from these components. At 6 feet 


405t 





CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


Figure 8—Corroded valve of the wedge pottern. 

Failure was attributed to galvanic attack caused by 

the unfavorable ratio of aluminum to stainless steel 

used in the valves. Stainless steel side plates are 
not shown. 


or more from the leaching copper, the 
corrosion film was even and the cladding 
practically unattacked. (See Figure 7). 

The aluminum alloy valves (220 and 
356) examined were all in good condi- 
tion. No seizing was evident and the 
spindles could be easily turned. 

The valve seatings, face plates and 
spindles also were in excellent condition. 
Valve flange faces were in good condi- 
tion, except one end of the overboard 
discharge valve which was not fitted with 
an insulator, which was badly attacked 
by galvanic action where it was in con- 
tact with the large copper-base fresh 
water cooler. Other aluminum compo- 
nents throughout the system such as el- 
bows and tee pieces (356) were in good 
condition with only a slight corrosion 
film present. 

The copper-base fittings such as the 
cross pieces and adaptors had an even 
corrosion film and were in excellent con- 
dition. 

When valves with stainless steel (Type 
304) working parts, as fitted in the ex- 
perimental system, were lubricated fre- 
quently and the spindles worked at regu- 
lar intervals, there was no evidence of 
seizing. The corrosion film which formed 
on the face plates and slides did not 
affect valve operation. 

In the operational ships, behavior of 
the aluminum valve spindles sometimes 
was not good. This was due to two causes: 
(1) some valves once set are rarely al- 
tered, thus, the spindles are not worked, 
and (2) the use of graphitic greases. 


The aluminum tubing (AA 5052) on 
the fresh water service lines was in excel- 
lent condition indicating that, if the cor- 
rect chromate concentration is used, tub- 
ing life probably will be almost indefinite, 
providing that no other conditions such 
as galvanic couples are present. 

Aluminum valve bodies were not at- 
tacked and were in excellent condition 
except for a slight film of corrosion prod- 
uct. Some valve bodies were rough in- 
side; this condition, however, was due to 
roughly finished sand castings, not the 
effect of sea water. 


Examination of the Operational Ships 


Examinations revealed that, on the 
whole, the failures can be classified in 
certain broad categories. The order in 
which they are listed below is of no spe- 
cial significance. Sometimes, of course, a 
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Figure 9—Corrosion of wedge valve with aluminum 
chairs. Stainless steel inserts are not shown. 


failure was caused by a combination of 
circumstances. 


Use of incorrect materials and non-com- 
pliance with original specifications. 
These fell under three headings. (1) 


Substitution, due to non-availability of 
specified material at time of building. 
(2) Substitution of unspecified material 
by shipbuilders for various reasons. (3) 
Specifications of incorrect material made 
in good faith by the designers because of 
limited knowledge of service behavior. 


Aluminum Tubing. The use of clad 
tubing, (AA 3003 clad AA 7072) has 
been successful and no case has been 
found to date in the ships or the shore 
based experiment where tubing of this 
type suffered penetration. In some ships, 
this tubing has 8 years operational life 
with possible satisfactory service for 10 
years or more. Unclad AA 5052 alloy 
tube, however, in the salt water cooling 
systems on the main engine and in the 
salt water flushing lines to the sanitary 
facilities, was not satisfactory. The AA 
5052 lines to the salt water cooled air 
compressors corroded badly in all the 
ships examined, replacement has been 
necessary. In many cases where this alloy 
failed, it had been fitted in lieu of the 
clad material. 


As a result of the tests, two suggestions 
were made. (1) If clad alloy is not avail- 
able in the small sized tubing, systems 
requiring small sizes such as the air com- 
pressor cooling systems should be altered 
to the use of chromated fresh water or 
more plastics should be used. (2) Be- 
cause substitution of non-clad alloy for 
clad alloy was due in many instances to 
the shipbuilders’ inability to distinguish 
between the two types of material, all 
aluminum alloy tubing should be marked 
with alloy numbers before delivery to 
shipyards or dockyards. 

As a result of the shore based and op- 
erational experiments, the Naval Re- 
search-Dockyard Laboratory decided that 
all tubing carrying fresh or salt water 
should be in clad alloy. AA 5052 tubing 
can be used satisfactorily with fresh 
water, but the use of the two alloys in 
ships for similar systems will lead to con- 
fusion and incorrect use during construc- 
tion and at future refits. 


Valves. Examination of globe type 
valves with bodies to Specifications 356 
and 220 revealed that two methods of 
manufacture were in general use: (1) 
Disc, spindle and seat of 18/8 stainless 
steel; body of aluminum. (2) Disc and 


Figure 10—Asbestos lagging around aluminum pipe 
caused rapid failure by penetration from the outside 
where the asbestos was wet by sea water. 


spindle of 18/8 stainless steel; seat and 
body of aluminum. 

If the seating was aluminum, seat fail- 
ures by corrosion in most instances was 
complete. If the working unit was com- 
pletely stainless steel, the valves were in 
excellent condition. Therefore, working 
units always should be stainless steel; bi- 
metallic construction should not be used. 

Gate valves examined also were the 
aluminum /stainless steel type. Failure or 
breakdown of the valve gates, which 
were bi-metallic, also was complete, as 
shown in Figures 8 and 9. This condition 
probably was caused by the unfavorable 
ratio of aluminum to stainless steel. Serv- 
ice life of this valve type was very short. 

Gates in these valves were of two 
different constructions; the cause of the 
serious corrosion was common to both. 
In one type, the aluminum chair had an 
inserted stainless steel disc; in the other, 
the aluminum chair had stainless steel 
side plates. In each case, cause of corro- 
sion was the large area of cathodic stain- 
less steel to the small area of anodic 
aluminum. Although to suggest specific 
area ratios is difficult because of the 
variable conditions found in practice, the 
ratio of aluminum to stainless steel is ten- 
tatively recommended at never less than 
five to one. 

These valves were usually operated in 
the half to fully open position. This may 
have contributed to the excessive corro- 
sion found, but the main failure cause 
was assumed to be galvanic action and 
not corrosion/erosion. This galvanic ac- 
tion often was doubly serious because the 
aluminum corrosion products are so volu- 
minous, and in consequence, the valves 
often become inoperative due to plugging 
and seizure of the internal mechanism. 
When those valves with aluminum chairs 
were failing, some corroded valves were 
removed from the ships and re-worked 
with stainless steel chairs. These re- 
worked valves have given good service 
for over 3 years. 


Lagging. Another instance of the use 
of materials not to specification was as- 
bestos lagging around aluminum heating 
lines exposed to wind and weather. Fi- 
breglas was specified, and in ships so fit- 
ted no corrosion had taken place. In 
three shops on which the lagging was 
asbestos, rapid failures occurred by pene- 
tration of the aluminum pipe from the 
outside due to the leaching of alkali 
from the asbestos. (Figure 10). 


Ferrules. There was considerable cor- 
rosion of aluminum ferrules (AA 6061) 
at localized positions where the piping 
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was jointed as shown in Figure 11, Gen- 
erally, when used to join aluminum pipe 
to aluminum pipe, aluminum ferrules 
were in good condition. However, fer- 
rules at joints close to copper-base com- 
ponents failed sooner than those in the 
same line further down stream from the 
leaching copper. 

In the salt water cooling lines to the 
reneral service pumps, however, where 
opper piping was joined to an alumi- 
lum component, severe corrosion of the 
iluminum ferrules occured. The reason 
vas that the aluminum ferrule was a 
small anode in contact with a large 
cathode. Use of isolated ferrules is rec- 
ommended, or preferably, the fitting of 
lexible joints of wire wrapped rubber 
when connecting non-ferrous piping to 
iluminum piping in salt water systems. 


Greases. When the ships came from the 
shipbuilders, a considerable quantity of 
graphite containing greases were found 
as lubricants on valves, deck fittings, 
plugs, etc. Considerable corrosion and 
seizing soon took place. 

The problem of the seizure of valve 
spindles, etc., is more serious if bearing 
surfaces are aluminum-to-aluminum or 
stainless steel-to-aluminum rather than 
conventional bearing surfaces. This is 
because the aluminum corrosion products 
are voluminous and tend to adhere to 
the bearing surface. For this reason, it is 
most important that greases used should 
not be corrosive. Trials of five lubricants 
and greases were initiated: proprietary 
dry lubricant compound, proprietary wet 
lubricant compound, Alcoa Threadlube, 
Parker Threadlube grade 6B and a mix- 
ture of 50 percent zinc dust and 50 per- 
cent vaseline by volume. 

Examinations were made at three- 
month intervals. The first examination 
indicated that the dry compound on the 
plug valves in the fuel oil system was not 
adhering to the plugs during the passage 
of fuel oil. The wet compound performed 
well on the threads and spindles. The 
three greases gave excellent service on 
the threaded positions of deck fittings, 
engine room valves and spindles. 

After six months, examination showed 
the Alcoa, Parker and zinc-vaseline 
greases to be superior in quality for anti- 
seizure and corrosion prevention. 

In the presence of sea water, greases 
containing graphite can be a menace. 
Shipbuilders should be warned against 
their general use. The use of graphite 
should be avoided in any form where 
aluminum is in contact with sea water. 
For instance, shipbuilders’ instructions 
should not be pencilled on bare, un- 
painted aluminum because the couple 
between the graphite and the aluminum 
causes the instructions to be etched per- 
manently into the surface. 


Zinc Protector Blocks. Sacrificial zincs 
fitted to the various copper-base coolers 
behaved differently in service. Those 
supplied with the original coolers did not 
corrode in the manner required, the area 
actually sacrificed was often very small 
or negligible. The inequalities in the be- 
havior of these sacrificial anodes is con- 
sidered to be caused by the zinc compo- 


sition. Recent research has shown that 
for the successful operation of zinc sacri- 
ficial anodes the iron content must be 
limited to 0.0014 maximum. Zinc of 
such purity, or equivalent quality was 
satisfactory. Zinc of low iron content is 
recommended. 


Deck Fittings, Hose Nozzles, Deck 
Sockets. Failures of deck fittings such as 
flush fitting threaded deck sockets on 
fuel and domestic lines were prone to 
corrosion with ultimate seizure of the 
component sometimes making removal 
impossible. Most failures were traced to 
the use of graphite based lubricants. The 
use of greases not containing graphite 
has reduced this type of failure to negli- 
gible proportions. 

Other failures were due to the coupling 
of bronze fire nozzles to aluminum hose 
fittings on the fire-fighting and damage 
control systems. The threaded aluminum 
component on the fire hose, when 
screwed into the copper-base nozzle, dis- 
integrated because of galvanic action be- 
tween the two metals. This problem 
might be solved by making the nozzles of 
an aluminum alloy. Experimental alu- 
minum nozzles, however, proved to be 
unsatisfactory in marine environments 
because of the formation of corrosion 
products which jammed the working 
parts. 


Component Design 
Swing-Over Plug Valves. After ap- 


proximately three months operation, 
aluminum plug valves (356) on the fuel 
strainers were found liable to seize with 
occasional breakage of the spindles. In 
some cases the valves became so badly 
scored that they could not be closed. 
Laboratory examination showed the 
cause of the trouble was the incorrect 
angle of taper of the plug. 

Another instance of taper and seizing 
difficulties was experienced on the alumi- 
num (356) Y fire-main deck fittings. 


Guard Rail Wires. Aluminum (AA 
5052) guard rail wires were subject to 
frequent breakages. Investigation led to 
the conclusion that the cause in many 
cases was due to localized corrosion of 
the individual strands with consequent 
reduction of flexibility. At some loca- 
tions, especially gangway openings and 
stern rails, many failures were caused by 
heavy handling by personnel who did not 
realize that aluminum wire would not 
withstand rough usage often given to 
steel cable. Complaints were received 
from ships’ staffs of the danger to clothes 
and hands when the strands of these 
wires broke, but most of these complaints 
came from breaks where the wires were 
continually handled and bent out of the 
way instead of being removed. 

Some investigation was initiated into 
improving the service of these wires. A 
series of experiments undertaken with 
new types of wire, both bare and plastic 
cased, showed the plastic covered mate- 
rial to be so satisfactory that nothing else 
is used now on these ships. 


Manufacture of Components 


Covers—Sanitary Pumps. The material 
(220) of the sanitary pumps which sup- 


USES AND ABUSES OF ALUMINUM IN WOODEN-HULLED, ALUMINUM-FRAME MINESWEEPERS 25 





Figure 11—Corrosion of aluminum ferrules. 





Figure 12—Stress corrosion failure of sanitary pump 
cover made of aluminum alloy 220. Amount of mag- 
nesium in this alloy was considered critical. 


ply sea water to the sanitary systems 
(one pump per ship) has not been satis- 
factory. Of seven pumps examined to 
date, cover failures (Figure 12) were 
found in three and body lug failures in 
one. In all cases but one, percentage of 
Mg was above the specified limits. Cause 
of these failures was thought to be stress 
corrosion. Investigation undertaken in 
conjunction with the Aluminum Com- 
pany of Canada suggests that the amount 
of magnesium in this alloy is somewhat 
critical. 

Metallurgical and radiographic exami- 
nations also revealed that there were 
other inequalities besides corrosion such 
as porous and dirty castings, and in some 
components, heat treatment after casting 
had been incorrect or inadequate. If this 
material is used in marine locations, the 
magnesium content should be between 
9.5 and 10.5 as required by Alcan Speci- 
fications. Care should be taken in casting 
techniques with regard to runners, sand, 
pouring temperature and heat treatment. 


Stanchions and Stanchion Sockets. 
Many cast (220) aluminum stanchions 
and stanchion sockets failed in service. 
Failure examples are shown in Figures 
13 and 14. Some failed due to stress 
corrosion, but some showed casting 
cracks which had been present before 
the stanchions were put into use. Non- 
destructive examination revealed that 
some stanchions which had cracked had 
been repaired by welding. The use of 
forged guard rail stanchions is recom- 
mended in locations where a fracture 
would endanger personnel. This avoids 
any chance of weak stanchions due to 
welded repairs to 220 alloy. 


Storm Valve Covers. A case was found 
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Figure 13—Stanchion sockets made of aluminum alloy 220. Number 1 is a new socket; Numbers 2 and 3 
Gre failed components. 


where a storm valve cover, also made of 
220 alloy, cracked. This failure was 
particularly interesting because the com- 
ponent was entirely unstressed in service. 
The failure apparently was caused by 
incorrect heat treatment. 


Door Dogs, Rope Wheel Handles and 
Gangway Gate Hinges. There were many 
failures of door dogs and clips to water- 
tight bulkheads, gangway gate hinges 
and rope wheel handles. Chemical analy- 
sis and radiographic examination re- 
vealed that these components often were 
not to specification and that casting qual- 
ity was not satisfactory. 

Samples of the sand castings were 
examined and found to be extremely 
porous, cracking was prevalent and there 
shrinkage. Although the 
drawings specified 220 alloy, many cases 
were found where the composition of the 
material was not to specification. 

These small castings were extremely 
unsatisfactory in every respect for the 
services intended. Stricter technical con- 
trol is required for these small and seem- 
ingly unimportant components. Scrap 
should not be used, and there should be 
adequate inspection of the finished prod- 
uct. 

After performance of these 
small 220 aluminum castings was investi- 
gated in conjunction with the Aluminum 
Company of Canada, it was decided that 
220 alloy was not suitable for the op- 
erational requirement. For replacements 
and in future ships of the class, it was 
agreed that, in spite of the lower me- 
chanical properties, alloy 356 should be 
used, 


was excessive 


service 


Examinations. Several 
found of corrosion of 
aluminum tubing associated with rubber 
shown in Figure 15. These 
troubles occurred mainly in two loca- 
tions: small bore tubing on salt water 
systems and 


Miscellaneous 
instances were 


isolators, 


large flanged isolators on 
sea water systems. 

Throughout the salt water cooling sys- 
tems there were various places where 
short lengths of rubber hose were in- 
serted in the lines. These pieces were 
from six inches to one foot long and 
overlapped the metal pipe at each end 
approximately 1 to 1% inches. In some 
cases, they were in all aluminum lines; 
in others, one end was on a copper tube 
and the other end on an aluminum tube. 
Beneath these rubber hose insulators the 
aluminum tubing ends were corroded 
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severely. Not only was the corrosion suf- 
ficiently serious to cause failure, but also 
the corrosion products caused the pipes 
to become blocked. 

Where the isolators joined tubing of 
different metals, corrosion on the alumi- 
num was undoubtedly galvanic, the cir- 
cuit being completed because, contrary 
to specifications, these pipes were 
grounded on both sides of the isolator. 
In the cases where the tubing was all 
aluminum, the reason for the corrosion 
which was on the tubing at both isolator 
ends was not quite so obvious but was 
considered to be due to grounding to non- 
isolated frames. It also may have been 
due to crevice attack caused by fitting 
the clips too far from the rubber tubing 
end. 

Where large flanged isolators on salt 
water systems joined aluminum and cop- 
per components, ends of the aluminum 
fittings suffered corrosion. This failure 
was not general throughout the ship but 
occurred only at certain localities. Elec- 
trical surveys around the general areas 
of these particular failures indicated that 
these isolators were not truly isolated. 
This condition probably was caused by 
the strap hangers between the frame 
members and the piping or valve fittings 
not being insulated from ground. In ef- 
fect, the system was shorted, allowing 
continuous electrolytic action with con- 
sequent corrosion of the aluminum. 


The wooden hull planks were bolted 


to the internal aluminum frames with 
aluminum bolts (AA 6061). Because 
these bolts were exposed to wood wet 
with sea water and a check on their 
corrosion behavior necessary, regular 
withdrawals were made on siutable oc- 
casions during the first two years of the 
operational life of these ships. The re- 
sults were quite clear: the bolts did not 
corrode if the specified chromate paste 
treatment was used by the shipbuilder. 
Unfortunately, the time consuming and 
dirty operation of dipping the bolts in 
zinc chromate paste was not always car- 
ried out, and the uncoated bolts showed 
corrosion. 


Overall Behavior of Aluminum and 
Aluminum Alloys. These experiments 
have shown that of many different alloys 
and types specified, the overall behavior 
of the correct materials has been as good 
and often better than expected. Defects 
only occasionally have been due to the 
use of aluminum but have, almost in 
every instance, stemmed from insufficient 
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Figure 15—Corrosion of aluminum pipe at rubber 
isolator. 


know-how, inadequate inspection or the 
use of unspecified materials. 


Education in the Use of Aluminum 

The authors feel very strongly that all 
along the line there has been insufficient 
attention called to the difference between 
the use and behavior of the new light 
alloys in comparison with steel. This is 
particularly apparent in the operational 
ships. There is definitely insufficient ap- 
preciation among ships’ companies that 
they are operating a new type of ship, not 
only tactically and operationally but also 
mechanically. Aluminum, no matter how 
successful as a light substitute for steel, 
does, indeed, need more delicate han- 
dling. 
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gure 1—Comparison between corrosion rates 
iron and zinc. 
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Figure 2—Corrosion rate of zinc vs. distance from 
shore and salt content of air. 
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Figure 3—Time to failure vs. coating weight. 


TABLE 1—Corrosion Penetration of Zinc in 
Marine Locations 


Pene- 
tration 
r ra ee? 
Type - 


Location Atmosphere 


Brixham, England 
Calshot, England 
Khartoum, Sudan 
Singapore, Malaya 
\papa, Nigeria 
Congella, Durban* 
Lighthouse Beach, 
Lagos, Nigeria 


| English Marine 

| English Marine 
Dry Tropical 

| Marine Tropical 
Marine Tropical 

Marine Industrial 


| Marine Beach 


* Calon of South Africa. 


Zinc in Marine Environments“ 


By E. A. ANDERSON 


se, eo thie ENVIRONMENT? vari- 
ables may influence the corrosion 
rate of a metal. Included are the distance 
from the ocean, amount of rainfall, pre- 
vailing relative humidity, ambient tem- 
perature range, frequency and extent of 
cloudiness and amount of industrial gas 
contamination in the air, All these affect 
the rate at which zinc corrodes. 

An example of seashore environmental 
variables affecting corrosion rates is given 
below: In Nigeria the salt content of the 
atmosphere decreases somewhat linearly 
with distance from about 12 mg/m* at 
the mean high water line to about 0.2 
mg/m* ten miles inland’. These readings 
apparently were taken at ground level. 
Values were noted of 5.0* at a 75-foot 
elevation and 0.8 at ground level at a 
position 400 yards from the high water 
point. 

Data in Table 1 are for a variety of 
marine locations based on one-year ex- 
posure. Specimens were of 4 by 2 by 
0.020-inch rolled zinc vertically exposed 
and chemically cleansed of corrosion 
products after completion of the test. 
Similar tests on mild steel are included 
for comparison.” 

The effect of distance from the water 
at a single location (Lighthouse Beach, 
Lagos) is given in Table 2. Separate 
tests were made during the wet season, 
dry season and over the entire year.’ * The 
effect of distance from the water on cor- 
rosion rate is given in Table 3.’ 

In ASTM tests, three grades of rolled 
zinc were exposed for 20 years at each 
of seven marine locations.” * The seacoast 
locations we at Key West, Florida; 
Sandy Hook, New Jersey and La Jolla, 
California. For comparison, data from 
the rural inland exposure at State Col- 
lege, Pa., are included. 

These tests were made on 9 by 12-inch 
panels exposed vertically. Weight loss 
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Abstract 


Data from unpublished experiments and 
the literature are reviewed and analyzed 
on behavior of zinc in marine atmos heres 
and in sea water immersion. Includes at- 
mospheric studies of cast and rolled zinc 
and galvanized iron, sea water immersion 
tests of zinc and atmospheric and sea water 
studies of zinc-rich paint. aad 


measurements were made on one dupli- 
cate set of panels after a 10-year ex- 
posure and on a second set after 20 years. 
Corrosion products were removed chem- 
ically in determining weight losses. 

The Key West racks were placed a 
short distance from the shore and the 
Sandy Hook racks about 100 yards. At 
La Jolla, specimens were exposed on a 
20-foot bluff 100 yards from the water. 
The Sandy Hook environment included 
substantial industrial gas contamination 
which increased during the test period. 
Because no significant differences were 
observed between the three grades of zinc, 
data for Metal BB (0.049 Pb0.002 Cd- 
0.019 Fe) only are assembled in Table 4. 

Additional data are available from 
Kure Beach exposure tests on 1 by 4 by 


TABLE 2—Effect of Distance from , Water fiensitstiann users Beach, om, enaete 


Distance from 
Beach (Yards) 


Kure Beach— f 
Kure Beach-800 ft..... 


‘Season 


Penetration (mpy) 








** Seventeen feet above ground. 


* Milligrams of NaCl ennehe1 per ine on 100 cm? area of cloth. 


*** Seventy-five feet above ground—others at ground level. 
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TABLE 3—Distance Effect 








Location 

Lighthouse Beach, Nigeria. . 
Lighthouse Beach, Nigeria 
Lighthouse Beach, Nigeria. 
Lighthouse Beach, Nigeria. . 
Fisheries, Nigeria : 
Onikan, Nigeria..... 
Ikoyi, Nigeria. 
Oshedi, Nigeria. ’ aale 
Port Harcourt, Nigeria***. . 
Nkpoku Jungle, Nigeria. . 
Lianrhystyd, Wales 

Hil... pel 

Village... 





| 
Penetration (mpy)* 


Distance Fe Zn 


50 Yards 1.74 
200 Yards 0.67 
200 Vards** No Data 
400 Yards No Data 

1,300 Yards No Data 
3,000 Yards No Data 
2 Miles No Data 

10 Miles No Data 

25 Miles 0.087 

30 Miles 0.094 


300 Yards 0.28 
1 Mile 0.10 


09 


YO ONE HE WYONoRR 
© 


DAARRODOR 


—~ 


OOoN 











* Converted from g/dm2/mo. of reference. 
** Indoors—window open toward sea. 
*** Industrialized atmosphere. 


TABLE 4—ASTM Data on Metal BB 





Penetration (mpy) 
20 Yrs. 


10 Yrs. 
0.019 0.022 
0.059 0.073 
0.068 0.069 
0.040 0.044 


Location 


Key West... . 
Sandy Hook 
La Jolla 

State College... 





TABLE 5—Kure Beach Tests on Iron-Con- 
taining Rolled Zinc 





Penetration (mpy) 


| $0-Foot Rack | 800-Foot Rack 


Fe-% 


0.0003... .| 
soar 


Six | One Six | One 
Months| Year Months Year 
04 | 03 


Oo 


0.0014.... 
0.0021.... 


oS 


oocooceo 
Ptr es 


o 
©cosooo 
bobo bo be bobo 


| 
| 
| 


* 0.2 and 1.0 mil/year on duplicate panels. 


Y4-inch specimens of rolled special high 
grade zinc with iron contents from 
0.0003 to 0.011 percent. These specimens 
were placed on 80-foot and 800-foot 
racks with separate sets for weight 
change determination after six-month 
and one-year tests. Data appear in 
Table 5. 

Ten-year exposure tests of vertical 
panels have shown (Table 6) that, 
though alloy and non-alloy zinc corrodes 
at about the same rate in the New York 
industrial atmosphere, there are definite 
effects due to alloying in the marine 
exposures.” The Key West exposure was 
made at the Sand Key lighthouse some 
miles away. Distance to the ocean was 
not recorded but visual evidence of spray 
corrosion and sand erosion was present. 
The Montauk Point, Long Island, rack 
was placed on the edge of a bluff near 
a lighthouse and probably received spray 
during storms. 

The effects of time and period of the 
year at which exposures are started have 
been studied at Kure Beach, North Caro- 
lina.” Data in Table 7 were obtained 
on vertically exposed 2 by 4 by 0.054- 
inch rolled zinc specimens facing east on 
an 80-foot rack and south on an 800- 
foot rack. One set was started in March, 
1951; the other in January-February, 
4955. 
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TABLE 6—Marine Atmosphere Tests on Zinc 
and Zinc Alloys 





Penetration (mpy) 


Montauk 
Point 


New Key 
Type Zinc York West 


High Grade (a) 0.28 0.14 
Brass Special (b).... 0.27 0.14 
1 Cu-0.01 Mg (c)....| 0.23 0.26 
Zamak-3 (d)........] 0.22 0.30 





(a) Rolled Zinc-similar to BB in Table 4. 

(b) Rolled Zinc-about 0.3 Pb, 0.3 Cd, 0.012 Fe. 

(c) Rolled Alloy-High Grade Zinc base. 

(d) Die Cast Alloy-4 Al, 0.04 Mg, balance 
Special High Grade Zinc. 


TABLE 7—Effect of Initial Exposure Time 








Corrosion Rate (mpy)* 


Rack ~ March 1951 | Jan-Feb, 1953 


80 Re 0.4 | 0.2 


800 Feet........ 0.1 0.1 


* Exposed for one year. 


Data in Table 8° indicate that the cor- 
rosion rate of zinc diminishes with time 
at this location and does not reach its 
final value until after an exposure of 
about three years. Tests in triplicate or 
quadruplicate for each exposure were 
made with 4 by 6-inch rolled zinc speci- 
mens exposed vertically on an 800-foot 
rack at Kure Beach. 

Data on the corrosion rate of zinc as 
a function of time are given in Table 9. 


Discussion of Tests 


With the exception of specimens ex- 
posed very close to the ocean, the corro- 
sion rates for zinc are small. Average 
value for all marine tests is 0.30 mpy. If 
the decrease in rate with time noted in 
Table 8 holds for all locations, the aver- 
age value recorded in Tables 1, 2, 3, 5 
and 7 which are based only on a one-year 
exposure would be reduced by about 
half. In the United States’ general ma- 
rine environment, corrosion rates of less 
than 0.1 mpy are to be expected. 

The relative behavior of iron and zinc, 
when plotted against each other as in 
Figure 1, shows that most points fall on 
a straight line which places the corrosion 
rate of iron in marine atmosphere at 25 
times that of zinc. 

Data on salt content of marine atmos- 
pheres and zinc corrosion rate as func- 
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TABLE 8—Variation in Corrosion Rate With 
Time 


Exposure Period- 
h Corrosion Rate (mpy) 


~~ 
mor 


Soofgsoo9ss909 
ESSESQLESES 


TABLE 9—Variation of Corrosion Rate of 
Zinc With Time 


Time— 
Months 


Corrosion Rate 


Location (mpy)* 


Lagos**- 50 Yards.. 
Lagos - 50 Yards.. 
Lagos - 50 Yards.. 
Lagos -200 Yards.. 
-200 Yards.. 
-200 Yards.. 
-200 Yards. . 


Z 
0.023-0.015-0.027 





* Converted from g/dm? values in reference. 
** Nigeria. 


tions of distance from the water are 
plotted in Figure 2.2 In Curve A the 
salt content is plotted against corrosion 
rate. In Curve C two different parabolic 
curves are drawn through the three 
points. 

From these curves the conclusion can 
be made that there is a direct relation 
between atmospheric salt content and 
corrosion rate of zinc. Curve A, how- 
ever, reveals that the curve is approach- 
ing zero corrosion rate at zero salt con- 
tent which, of course, cannot be. 

Evidence indicates that zinc is respon- 
sive to the extent and duration of dew- 
fall which would be expected to decrease 
from the water’s edge toward the inland. 
Variations in frequency and duration of 
moisture contact with distance possibly 
play a larger part in determining the 
corrosion rate of zinc than does salt 
content. The greater corrosion rate at 
La Jolla is believed to be caused by 
higher relative humidity and _ greater 
dewfall. 


Galvanized Steel 


Other A.S.T.M. tests on galvanized 
and black iron corrugated sheets’ are 
useful in the present context because, 
with the exception of La Jolla, the 
same exposure sites were used for rolled 
zinc and galvanized sheet. Data after a 
32-year exposure are compiled in Table 
10. 

Although the failure rate of the ex- 
posed upper zinc coating is very low at 
Key West, the sheets failed by perfora- 
tion due to corrosion from the underside. 
Perforations tended to locate in the 
crests of the corrugations over the lower 
purlin support of the exposure rack. This 
type failure occurred at no other test 
location. 

Causes of this abnormal corrosion have 
not been determined completely, but a 
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ZINC IN MARINE ENVIRON MENTS 


TABLE 10——Atmospheric Corrosion of Corrugated Galvanized Sheets 


Location 
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(a) In ounces per square foot of sheet coated both side. 

(b) Rust spots and perforation due to corrosion from below penetration zinc coating on upper side. 
(c) Only one sheet showed first rusting—remaining 16 showed no rust in 32 years. 

(d) Average of sheets showing failure—final average may be higher. 


(e) Corrosion from below did not uccur at this site. 


probable contributing factor was the 
influence of the purlin mass in slowing 
the drying rate of moisture condensed 
on the under surface. This factor can be 
avoided or minimized in roof construc- 
tion by local paint protection. Even with- 
out these precautions, galvanized sheet 
life was five times that of black iron 
sheets of the same gauge. 

From Table 10, time-to-perforation at 
Sandy Hook and State College will be 
some larger multiple of that for uncoated 
sheets. (Since galvanizing increased the 
steel cost by only 15 to 20 percent, im- 
provement in life due to the zinc coating 
is obtained at very low cost per year.) 

Although ASTM tests have been un- 
derway for 35 years, only in Sandy 
Hook’s industrialized marine atmosphere 
(of the exposures considered here) has 
failure progressed far enough to rust the 
entire sheet surface. Available data on 
failures are plotted in Figure 3. 

The indicated linear relation between 
weight of zinc coating and time to rust- 
ing has been established over many years 
of exposure testing by many investiga- 
tors. Approximate linearity of the under- 
side perforation curve at Key West dem- 
onstrates that even this type of failure 
can be delayed by the use of heavier 
coatings. Obviously, however, precautions 
to avoid underside corrosion will be a 
wise investment. 

Calculations of coating life from zinc 
corrosion rates cannot be made precisely 
because of normal variations in coating 
thickness. Such calculations do have 
value; they approximate the correct serv- 
ice values. Data and calculations for the 
22-gauge sheets are given in Table 11. 

The contrast between the time to per- 
foration of bare steel and the calculated 
coating life at Key West is striking. With 
the exception of the unusual perforation 
from the underside at Key West, no gal- 
\anized sheets were perforated after 32 
\ears of test. 
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TABLE 11—Calculated and Observed Coating Life 
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(a) In ounces per square foot of sheet. 


(b) Average of sheets showing failure—final average may be higher. 


TABLE 12—Corrosion of Zinc in Sea Water 


Reference Grade Zinc 


Galvanized * 


Cast Bar | 
Sheet | 
Sheet | 99.1 

Cast | Prime Western 


Cast | Special High Grade 


Cast High Grade 

Galvanized * 

Galvanized | 

Galvanized | * 
| 


* Not stated—probably Prime Western zinc. 


| * 


Total Immersion in Sea Water 

Relatively few data are available for 
zinc corrosion in sea water. (See Table 
12.) 

The International Nickel Company 
has investigated the effects of water ve- 
locity and iron content on rolled zinc 
at Kure Beach and Harbor Island Test 
Station.’ Iron content was found to have 


Prime Western 
99.1 


Corrosion 
Rate (mpy) 


Exposure 
Years 


Test Location 


Bristol Channel 
Bristol Channel 
Eastport, Maine 
Eastport, Maine 
Panama 
Panama 
Panama 

Kure Beach 
Kure Beach 
Southampton 


HOR Re HWS ih 
ou 


De ee ee Ooh 
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no detectable effect on the corrosion rate 
of rolled zinc (Table 13). However, ve- 
locity had a definite accelerating influ- 
ence. 

Other data obtained in flowing sea 
water (velocity not stated) at Kure 
Beach’ are assembled in Table 14. Cor- 
rosion rate of zinc in sea water, like 
that in the Kure Beach atmosphere, de- 
creases with time. 


4llt 
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TABLE 13—Sea Water Corrosion of lron- 
ae Zinc 


Corrosion Rate (mpy)* 


| | 2 Feet Per 
Total | Tidal | Second 
sl | Imm Immersion | Zone Flow 
0.0003....... : Poe = 9% 0.8 3.0 
0.0008..... 0.8 0.8 2.0 
0.0014 0.8 0.9 2.0 
0.0021 0.8 0.9 2.0 
0.006 0.8 os | 2.0 
0.011 ‘ 1.4 0.9 2.0 


* Average of two 1” x 4” x 44” specimens exposed 


one year. 


Sprayed Zinc Coatings 

Half tide and total immersion tests of 
sealed and unsealed zinc coatings on 4 
by 12-inch steel panels at Harbor Island 
are given in Table 15.° Tests were made 
in sextuplicate and continued for 3.2 
years. 

As in the case of other types of zinc 
coatings, the extent of protection to the 
base metal depends upon coating thick- 
ness. Heavier coatings are required in 
the tidal zone than when totally im- 
mersed. 

Additional tests were made on. steel 
H-beam piles at Harbor Island.’ The 
pilings were exposed for 6.3 years. In- 
cluded among other tests were bare steel, 
hot-dip galvanized steel and zinc spray 
coated steel (15 mils, upper half and 10 
mils, lower half — unsealed). Inspection 
data are in Table 16. 

Since blistering and cracking are not 
common modes of corrosion failure of 
galvanized steel, events reported in this 
table largely represent damage during 
the driving of the piles. 


Zinc-rich Paint 

Studies are in progress at Harbor 
Island® to determine the relative abilities 
of zinc-rich paint and galvanized coatings 
to protect bare steel areas under total 
immersion conditions. Quadruplicate 12- 
inch square panels are under exposure 
separately coated with hot-dipped zinc 

1.5 oz per sq ft of surface), a silicate 
vehicle zinc-rich paint and an organic 
vehicle zinc-rich paint. Efforts were made 
to apply the same weight of metallic 
zinc in each Two panels of each 
were scribed vertically to bare widths of 
1/16, Y% and 3/16-inch; the remaining 
two panels were unscribed. 

These tests have now been under way 
for one year. No rusting has occurred 
on the unscribed panels nor on the sili- 
zine-rich paint or the galvanized 
scribed panels. Scribed panels coated 
with a zinc-rich paint of the organic 
vehicle binder type showed a few rust 
spots in the widest scribe after four 
weeks. These spots have grown over the 
intervening exposure period until after 
one year the entire length of all scribes 
shows rust. This is not regarded as nec- 
essarily representing the true perform- 
ance in sea water of the organic vehicle 


case. 


cate 


TABLE 14—Corrosion of Zinc in Flowing Sea Water 








Specimens (Size in Inches) 


.032 Special High Grade Zinc 

.032 Special High Grade Zinc 

.032 Brass Special Zinc 

.032 Brass Special Zinc. . 
Galvanized 3.7 Oz. Coating 
Galvanized 3.8 Oz. Coating 
Galvanized 4.3 Oz. Coating 
Galvanized 4.4 Oz. Coating 
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TABLE 15—tmmersion Vests « on n Sprayed Zine Coatings 


Coating Thickness—Inch 
0.003... 

0.006. . 

0.006 

0.009 

0.009 

GOO12. 3s. 


0.012 


0.018 


(a) One coat chlorinated rubber. 
(b) Two coats chlorinated rubber 


_ FARE 16—H- N-Pile Tests at Harbor island 


Coating Top 10 Inches 


r | . 
None | Severely rusted 


Galvanized.. Few rust spots. Blistered-cracked } 


Zine Sprayed.| Top and 3” from edge 
I . | ° : 
| rusting in these areas | 
| | 


severe | 


type zinc-rich paint. Further tests will be 
required. 

Of interest in connection with these 
and other total immersion studies with 
zinc and zinc coatings is the observa- 
tion that fewer types of fouling organ- 
isms attach to such surfaces than to 
steel. In the present tests filamentous 
bryozoans, tunicates and barnacles were 
found on the zinc and zinc-rich paint 
surfaces. 

Summary 

Corrosion resistance of zinc in marine 
environments and the corrosion rate in 
air can be expected to be about 0.1 mpy 
over long exposure periods in the United 
States. Exposure very close to the water 
and the presence of sulfur gases in the 
atmosphere will increase this rate. Cor- 
rosion, rate of iron generally will be 
about 25 times that of zinc in marine 
atmospheres. Galvanized coating life is 
long in this environment. 

Total immersion in sea water results 
in a corrosion rate of 1 to 2 mpy. In- 
creases in water velocity increase the 
corrosion rate. 

Zinc in the form of metallic zinc dust 
pigment in zinc-rich paint afforded the 


will appear in the December, 1959 issue 


Sealant 


ee et 
(a), (b) -— ) -— ) a) 
| 
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None 


Severely rusted 


Biistered- eracked 60% rust espe- | Few rust spots 


earns as top 10”. 


% Surface Damaged 


Half Tide 





| ‘Total Immersion 





Base 
Metal 


Sprayed 


Metal Metal 


5 
1 
1 
1 
1 
0 
0 
0 
0 
0 


| 
| 
| 





2 Feet Above High Tide | Tidal Zone 


Adherent rust 


cially flanges 


Vv ery little rust, no 





same amount of protection to bare steel 
areas that is obtained from hot-dip zinc 
coatings during one year in a continuing 
test. This was true for silicate binder 
type zinc-rich paint and may be true for 
the organic vehicle type. 
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Introduction 
] ISCOVERY OF sour gas condensate 


production in the Smackover Lime 
formation of the New Hope Field was 
made in 1953. This field is located in 
F.anklin County, Texas. 


Drill stem testing of the discovery well 
indicated this formation to contain 10 to 
li mole percent of hydrogen sulfide in 
addition to 6 to 8 mol percent carbon 
dioxide. Corrosion and the brittle type 
failure of metals associated with hydro- 
gn sulfide were anticipated for all future 
s-ur operations in the area. 

A pilot plant was constructed in 1957. 
This plant was designed to separate the 
liquid hydrocarbons from the gas by low 
temperature separation and to dry the 
residue gas for injection into the reser- 
voir. It was not designed to remove the 
acid gases except for the gas utilized 
for fuel. It was expected that experience 
would be gained in handling sour gases 
to pressures of 6,000 psi and at the same 
time that reservoir information would be 
obtained to indicate the most economical 
method of production to deplete the 
reservoir. 


Producing and Injection Wells 


The top of Smackover Lime formation 
is encountered at 11,800 ft to 12,300 ft, 
and the formation bottom hole tempera- 
ture is from 270 F to 275 F. Bottom hole 
pressure is 6,000 psi. Thickness of the 
producing formation is between 0 and 
600 ft, and has an average permeability 
of 0.2 millidarcy. 

It is necessary to acidize each well in 
order to establish optimum production 
rates. Some of the acid jobs have been 
as large as 31,000 gallons. After a well is 
completed and ready for production, it 
will usually produce 2 to 5 million cubic 
feet of gas per day with a condensate 
yield of 140 to 150 barrels per million 
cubic feet of gas. This wet gas has a 
specific gravity of approximately 1.25 
Air = 1.0) while the residue gas for 
injection has a specific gravity of 0.95. 
Flowing tubing pressures range from 
1,800 psi to 3,000 psi, depending upon 
flow rates. 

From the time that the reservoir was 
discovered to the present date, inhibition 
has been deemed a necessity. The dis- 
covery well was completed as shown in 
ligure 1 to provide a convenient method 
of inhibition. This completion utilizes a 
chemical injection valve set above the 
packer, and the annulus is filled with 
x Submitted for publication March 2, 1959. A 

paper presented at the Fifteenth Annual Con- 


ference, National Association of Corrosion Engi- 
neers, Chicago, Illinois, March 16-20, 1959. 





Corrosion Problems Associated With 
Sour Gas Condensate Production* 


By D. R. FINCHER 


Abstract 


Sour gas condensate production was es- 
tablished from the Smackover Lime for- 
mation in Franklin County, Texas during 
1953. Reservoir studies indicated a need 
for cycling of the sour gases for greater 
ultimate recovery of liquid hydrocarbons. 
A pilot plant was built to remove liquids 
po to compress these gases containing 10 
to 18 mol percent hydrogen sulfide and 6 
to 8 mol percent carbon dioxide to 6000 
psi for injection into the reservoir. Control 
of corrosion was considered in the com- 
pletion of the wells as well as in the 
design of the plant. Failures of equipment 
were minimized by the use of inhibitor and 
selection of materials. Experience to date 
has indicated that corrosion can be con- 
trolled and these toxic gases safely pro- 
duced and processed. $4.3 


inhibitor-diesel oil in a mixture of one 
part inhibitor to forty parts diesel oil. 
Pumping of similar oil-inhibitor mixture 
into the annulus at the surface displaces 
inhibitor into the bottom of the tubing 
string. Springs in the chemical injection 
valves are preset so that a pressure dif- 
ferential of 1,500 psi is required to open 
the valve to admit inhibitor into the tub- 
ing. 

Completion of the discovery well uti- 
lized a chemical injection valve that was 


OTIS "S" NIPPLE 


se 


Hf 4 I nau 


i OTIS S NIPPLE 


I | Kf OTIS "S" NIPPLE 

Hy Uf 

| |, 4-——-CHEMICAL INJECTION 
| VALVE 





OTIS S NIPPLE 


| 
| | 
| 
i} | 
\| non uan 
| 
| 





1b b4e—PRODUCTION PACKER 
| | | 
| <——TOP OF SMACKOVER 
| |*—CASING PERFORATION 
+116 PERFORATED SUB 
||) [4}t——OTIS "s" NIPPLE 
“OTIS "S" NIPPLE 
\<—OPEN ENDED TUBING 
es 


Figure 1—Typical Tidewater well completion. 


31 

















About 
the 
Author 


D. R. FINCHER is corrosion engineer for 
Southern Division of Tidewater Oil Co., Hous- 
ton. He received a BS in chemical engineering 
from Texas A and M College in 1948. He was 
employed by Tidewater after graduation and 
has been active in corrosion work since 1949. 
He is chairman of NACE Unit Committee 
T-1B on Condensate Well Corrosion. 





not wire line retrievable. Wells com- 
pleted since that time have utilized wire 
line retrievable valves; very little trouble 
has been experienced with these valves. 

In all wire line operations the prac- 
tice of lubrication of the wire line 
with inhibitor has proven to be very 
beneficial. Without the protection by in- 
hibitor, it is probable that a wire line 





Figure 2—Typical failure of wellhead chokes and 
valves. 
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Figure 3—Flow diagram, low temperature separation at New Hope, Smackover Field. 


run in and out of a well will experience 
a rapid failure. Failures are of a brittle 
nature and the line can usually be 
snapped between the fingers. A similar 
program of inhibitor lubrication of swab 
lines has proven equally satisfactory. An- 
other worthwhile practice has been the 
storage of wire line inhibitor solutions 
when the lines are not in use. 

Maintenance of bottom hole chemical 
injection valves has been a relatively 
minor problem. Much of the success of 
these valves is attributed to the cleaning 
of the annular surfaces of mill scale and 
mud used in drilling and completion. 
Each well had the mud circulated out 
with fresh and salt water until clean re- 
turns were obtained. Salt water was used 
to increase hydrostatic head, and it ap- 
peared to remove additional mud. An 
acid wash consisting of 2,000 to 3,000 
gallons of mud acid followed with more 
circulation with fresh and salt water 
completed the first step in cleaning of 
the annular surfaces. 

Following the initial washing, 1,000 to 
2,000 gallons of 15 percent hydrochloric 
acid were pumped down the annulus and 
into the formation. Inhibited diesel oil 
was used to displace the acid into the 
formation, and the well was circulated 
with inhibited oil before setting the tub- 
ing into the packer. Swabbing was elim- 
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inated by leaving the inhibited oil in the 
tubing, and this step also allowed the 
coating of the tubing with inhibitor prior 
to producing the well. 

Selection of an inhibitor for the casing 
annulus has presented problems. Experi- 
ence with the discovery well indicated 
some inhibitors cause a precipitation in 
the lower section of the annulus, with 
resulting difficulty in pumping. Various 
lab tests of diesel oils and inhibitors at 
high pressures and temperatures allowed 
selection of more soluble inhibitors and 
the elimination of the problem. 

J-55 grade tubing was used for all 
producing wells. In all wells, the top 
3,000 ft of the string was 2! inches 
EUE instead of a full string of 2 inches 
EUE. This was done to increase safety 
factors. All injection wells were com- 
pleted with 22-inch N-80 grade tubing, 
although the minimum yield strength was 
controlled between 70,000 and 90,000 psi. 
The J-55 and controlled yield strength 
N-80 were used to minimize brittle type 
failures associated with hydrogen sulfide. 
Injection wells were not completed with 
chemical injection valves, although the 
annuli were loaded with inhibited diesel 
oil. Prior to producing an injection well 
for testing, an inhibitor squeeze’ was per- 
formed to provide protection for the 
interim period when no inhibitor could 


be injected. Inhibitor squeeze, in addition 
to providing corrosion protection, also 
increased well productivity. This is be- 
lieved to be through the detergency of 
the inhibitor aiding the formation to be 
cleaned of mud. 

All of the wells were shut-in several 
months prior to continuous production. 
During these periods, at least two barrels 
of inhibitor-oil mixture were pumped 
into the well, one barrel from the an- 
nulus at the chemical injection valve and 
the other directly into the tubing at the 
surface. As a result, inhibitor-oil mixture 
was squeezed into the formation. One 
well, completed in October 1954, pro- 
duced at the rate of 1,682,000 cubic 
feet per day with a wellhead pressure of 
1,883 psi (dead weight gauge). Upon 
completion of testing, the well was 
shut-in and the tubing loaded with in- 
hibited oil. Inhibition was commenced on 
a monthly basis, and 81 barrels of in- 
hibited oil were injected into the forma- 
tion before the well was again produced. 
When tested again in early 1957, the 
well produced 2,168,000 cubic feet per 
day with a wellhead pressure of 2,234 
psi (dead weight gauge). This indicated 
that the productivity of the well in- 
creased after the formation received the 
inhibitor-oil mixture. 

Use of plastic coated tubing was con- 





sidere 
A bot 
with ; 
in th 
When 
by bl 
ings 
perfor 
this se 
coatir 
and { 
being 
To 
tubin; 
being 
organ 
cubic 
been 
calipe 
wellh 
Son 
valves 
2. BE 
by cl 
inhibi 
rial vu 
provi 
tion. 
are fe 
mater 
have | 
are ¢ 
Sprin; 
hecess 


; be- 
‘y of 
o be 


veral 
‘tion. 
rrels 
nped 
. an- 
- and 
t the 
<ture 
One 
pro- 
cubic 
re of 
Jpon 
was 
1 in- 
d on 
f in- 
rma- 
iced. 

the 
per 
) 234 
‘ated 

in- 


| the 


con- 


August, 1959 


INJECTION 
ener” 


COMPRESSOR | 


DEHYDRATOR REGN. 


INLET 
SEPARATOR |, 


V\ 


~~ THREE PHASE 
SEPARATOR 


COMPRESSOR 


FUEL 


TO FLARE 


GAS 


SCRBR. 


LOW TEMP 
SEPARATOR 


® 


@- GLYCOL 


CORROSION PROBLEMS ASSOCIATED WITH SOUR GAS CONDENSATE PRODUCTION 


_H20 


“REFLUX _ 
ACCUMULATOR 


KORE OR 


GLYCOL-OIL 
SEPARATOR 


He0! 


FLASH DRUM 


STABILIZER 


PRODUCT 


LEGEND 


@ POINT OF CHEMICAL INJECTION 


Figure 4—Flow diagram, corrosion inhibitor injection points, New Hope pilot plant. 


sidered early in the life of the reservoir. 
\ bottom hole pressure bomb was coated 
with a baked phenolic coating and placed 
in the bottom of a well for 72 hours. 
When recovered, this coating had failed 
by blistering. Subsequent testing of coat- 
ings at the surface indicated that the 
performance of all coatings tested in 
this service left much to be desired. Many 
coatings became impregnated with gases 
and failed due to blistering even after 
being removed from the environment. 

To date there have been no failures of 
tubing or casing. Corrosion of tubing is 
being controlled by using 0.5 quart of an 
organic corrosion inhibitor per million 
cubic feet of gas. Criteria of control have 
been observed by periodic use of tubing 
caliper surveys and visual inspection of 
wellhead equipment. 

Some failures of wellhead chokes and 
valves have occurred as shown in Figure 
2. These failures have been eliminated 
by changing the point of injection of 
inhibitor and/or by changing the mate- 
rial used in manufacturing in order to 
provide some inherent corrosion protec- 
tion. Brittle type failures at wellheads 
re found in highly stressed or very hard 
materials. Valve stems made of K-Monel 
have been used successfully although they 
ere oversized for additional strength. 
Springs made of Inconel have become 
necessary in practically all valves and 


controls. Valves and wellhead equipment 
have generally been standard materials 
with the exception of stems, springs, 
gauges, trim, etc. There have been no 
serious failures of any wellhead equip- 
ment. 


Design of Plant and Gathering System 

Prior to construction of the plant and 
gathering system, considerable study and 
effort were put into the design of the 
system. As a result, general recommenda- 
tions included the following: 

1. Use standard materials of construc- 
tion and depend upon inhibition for 
protection. 

2. Dehydrate the sour gas before com- 
pression up to 6,000 psi for injection. 

3. Air-cool high pressure gas streams 
within the plant. 

4. Use corrosion meter probes to de- 
termine corrosion rates and degree of 
control being obtained. 

5. Eliminate “dead ends” and provide 
adequate means of drainage at points 
where water collects. 

6. Internally coat all storage tanks with 
a coal tar-epoxy coating. 

7. Use corrosion resistant materials only 
as necessary for control valves, trim, 
stems, seats, gauges. 


é 


8. Use a direct fired closed heating 


system with a circulating non-corrosive 
media, not exposed to hydrogen sulfide. 


9. When possible, use welded connec- 
tions or flanges instead of threaded con- 
nections. Stress relieve all plant welds. 


Figure 3 shows a simplified flow dia- 
gram of the process. Full stream well- 
head effluent flows into the plant inlet 
separator and free liquids are removed. 
Gas from the inlet separator enters a 
low temperature unit where glycol is 
added to prevent freezing and to partially 
dehydrate the gas. Gas from the low tem- 
perature unit proceeds to the first stage 
discharge scrubber and to the dry bed 
dehydrator. Dehydrated gas passes to the 
second stage suction scrubber, then is 
compressed and scrubbed before entering 
the third stage of compression. The gas 
is discharged into the injection wells 
after flowing through the third stage 
discharged scrubber. 

Liquids from the low temperature unit 
(glycol, water, and condensate) flow to 
the glycol-oil separator for removal of 
the glycol solution. Condensate from the 
inlet separator passes to a 3-phase sepa- 
rator, then to a flash tank, which also 
receives condensate from the glycol-oil 
separator. The condensate proceeds to 
a stabilizer where a 12-lb Reid Vapor 
pressure natural gasoline is fractionated. 


Low pressure gases from the flash 
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tanks, the stabilizer, and the glycol con- 
densate separator are scrubbed, com- 
pressed, and discharged to the second 
stage system. These gases are not de- 
hydrated before the first compression. 
Excess water is removed from the glycol 
in the glycol reconcentrator by heating 
the solution. Fuel gas is sweetened in an 
amine sweetening unit. 

Corrosion meter probes were placed 
in strategic locations throughout the 
plant and in the flow lines at the wells. 
Within 72 hours, these probes began to 
fail and leak gas badly. The plant was 
shut down and all probes were removed. 
Another manufacturer of probes was 
contacted and a suitable probe was de- 
signed. These probes were used success- 
fully without failure, but have not been 
in the wide service that originally was 
planned. One problem with the use of 
probes is that the corrosion losses re- 
corded vary with flow rates through the 
plant and lines, making corrosion rate 
data questionable. This problem is par- 
ticularly bad in two phase systems. 

After removal of all the failing cor- 
rosion probes, coupons were used to re- 
cord corrosion rate data. Generally, cor- 
rosion rates were | mpy or less at all 
points that received some inhibited liquid 
hydrocarbon from the field. Coupons ex- 
posed in gases separated from the liquid 
showed corrosion rates from 5.0 to 10.0 
mpy. As an example, the gas off of the 
inlet separator corroded a coupon at 5.61 
mpy while the inlet stream (containing 
the full well stream effluent) corroded 
the specimen at a rate of 1.06 mpy. 
Similar data were obtained in the gas 
from the low temperature separator and 
the top of the stabilizer. This indicated 
the need for additional inhibitor injec- 
tion points. 

Coupons removed from the glycol sys- 
tem also showed corrosion rates of 5 to 
10 mpy. The cooling water system cor- 
roded coupons at the rate of 5.0 to 44.0 
mpy with no great consistency in rate 
data being obtained. Inhibitor injection 
points within the plant were selected as 
shown in Figure 4. 

Because the gathering system was con- 
structed to handle large volumes of gas, 
a low linear velocity was experienced 
initially. Corrosion was anticipated at 
points where water would collect, such 
as road crossings. The oil soluble inhib- 
itor used in the wells was not expected 
to fully protect the lines at these points. 
Hence, it was decided to use a neutraliz- 
ing type volatile amine at each wellhead 
to raise the pH of the water collecting in 
the flow lines. This morpholine type in- 
hibitor was beneficial in raising the pH 
of the water removed at the plant to a 
value of 6.0 to 6.5. Some difficulty from 
the use of this inhibitor has been experi- 
enced in lines producing salt water in 


that calcium carbonate scale precipitated, 
reducing the capacity of the line. This 
problem was solved by reducing the 
dosage. 

Other injection points for the neutral- 
izing type inhibitor were in the glycol 
system, the regeneration gas scrubber 
from the dry bed dehydrator, and the 
stabilizer overhead. All of these points 
were selected for this inhibitor because 
of the low pH values of water removed 
from these vessels. Laboratory data in- 
dicated that the efficiency of most com- 
mercial corrosion inhibitors increased 
when the pH of water was at least 5.5 
or greater. 

Due to the presence of hydrogen sul- 
fide, the cooling water system could not 
be treated with a phosphate-chromate in- 
hibitor. An inhibitor made of polyphos- 
phate and ferro-cyanide was selected and 
used in conjunction with controlled pH. 
Difficulty was experienced in controlling 
the pH. The plant flare was located ap- 
proximately 150 feet away from the cool- 
ing tower and was 50 feet high, but 
winds of a certain direction would cause 
SO: fumes to be absorbed in the cooling 
tower water. Lowering of the pH by 
two units in two hours was not uncom- 
mon. 

After the initial eight months of op- 
eration, the plant was shut down and 
all of the equipment visually inspected. 
Observations were as follows: 

1. Corrosion was severe in the process 
system at any point where glycol solu- 
tions were in contact with steel. Corro- 
sion was negligible in other areas. 

2. Cooling water corrosion and/or scale 
was experienced throughout the plant. 

3. Dehydration of the gas effectively 
alleviated corrosion in the high pressure 
systems. 

Laboratory study of glycol solutions 
saturated with hydrogen sulfide indicated 
that a combination of pH control and a 
film forming inhibitor would provide 
better than 90 percent protection from 
corrosion. The original neutralizing in- 
hibitor was the morpholine type. Lab- 
oratory testing revealed that a_ single 
inhibitor combining diethylamine and a 
conventional water-dispersible, film-form- 
ing corrosion inhibitor would effect the 
desired protection. Consequently, the 
morpholine type inhibitor was discon- 
tinued in the glycol system and in the 
flow lines, and the use of the combina- 
tion inhibitor was begun. The mor- 
pholine type was continued at other 
points in order to avoid possible damage 
to dry-bed desiccants and/or emulsion 
problems from the combination inhibitor. 

Cooling water treatment was changed 
from phosphate-cyanide treatment to 
zinc-organic-phosphate treatment. These 
changes made possible better control of 
pH within the cooling tower. 


Any discussion of this article not published above 


will appear in the December, 1959 issue 


Vol. 15 


While the plant was shut-in for th 
first inspection after eight months, th: 
stabilizer was filled with diesel oil in 
hibitor mixture and circulated at 3001 
for 24 hours. This was done to simulat: 
a “squeeze” type of treatment and t 
provide bubble caps, downcomers, etc. 
with an inhibitor coating. 

After the first inspection and the sub 
sequent changes in the corrosion mitiga 
tion program, coupon corrosion rates de 
creased greatly. By mid 1958, all coupo1 
corrosion rates within the process system 
were below 1.0 mpy. 


After 15 months of operation, the 
plant was again shut down for inspec- 
tion. This inspection indicated no further 
corrosion of the glycol system. A greatly 
reduced rate of corrosion was observed 
in the cooling water system. Caliper sur- 
veys of an injection well tubing string 
revealed that no corrosion was occurring. 
Other points exposed to dehydrated sour 
gases were not visibly corroded. Tanks 
internally coated with coal tar-epoxy suf- 
fered corrosion only at holidays in the 
coating. Much more rigid specifications 
for coating application were indicated. 


Conclusions 


Safety is one of the most important 
phases of an operation such as described 
in this paper. Adequate protection of 
equipment is of great importance. The 
experience and data gained in producing 
and processing sour gas condensate from 
the New Hope Field Smackover Lime 
formation indicate both obligations of 
safety and protection of personnel and 
equipment can be fulfilled by: 


1.Design of equipment to remove 


water at all possible points. 


2.Use of standard equipment with 
special corrosion resistant materials at 
critical locations. 

3. Use of a constantly supervised cor- 
rosion inhibitor program. 


4, Design of equipment with adequate 
strength, yet using ductile materials. 


Constant study and re-evaluation of 
data, means, and methods are also most 
important features in any such program. 
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The Internal Cathodic Protection 
Of Large Steel Pipes Carrying Sea Water* 


Introduction 

ON OF the most rapidly growing 

fields in which pipelines are used 
to carry electrolytes is the transport of 
cooling water for industrial plant and 
power stations. Resistivity of water will 
vary with its source. The water, being 
required in large quantities, will be 
pumped at high velocity. This factor 
plus the increased temperature resulting 
from the cooling process will increase 
the rate of the corrosion of any metal 
pipes used to discharge the water. Steel 
is the material most commonly used in 
such pipe. Because sea and estuary water 
are the waters most commonly used in 
Great Britain, only the protection of steel 
pipes carrying these liquids will be dis- 
cussed here. And since the problem of 
cooling water is one of transporting large 
quantities of water, only the corrosion of 
large pipes will be considered. 


Anti-Corrosive Techniques 


In general there are four anti-corrosive 
techniques that can be employed in 
such a system: (1) the pipe metal can 
be lined to reduce the electrolytic cor- 
rosion, (2) the internal surfaces of the 
pipe may be protected cathodically (if 
economically feasible), (3) inhibition 
can be employed in the case of a re- 
circulating water system, (4) the pipe 
material can be selected to withstand the 
corrosive attack either by using a suitable 
metal or by using a non-metal such as 
concrete or a plastic. 

The first two methods (i.e., coating 
and cathodic protection), can be used 
as complementary treatments. It might 
be useful here to consider the application 
of various combinations of these two 
measures. 

Perhaps the best method of approach 
will be to consider the cathodic protec- 
tion of the pipe walls in the presence of 
various coatings. This way the coating 
can be defined by its electrical resistance; 
as techniques which improve coatings or 
which vary the cost of the cathodic pro- 
tection are developed the economics of 
the various schemes can be compared. 
One system will be ignored in this type 
of treatment: the use of an almost per- 
fect coating which can be employed with- 
out cathodic protection. To be acceptable 
a perfect coating must be cheaper than a 
combination of an imperfect coating with 
cathodic protection. 


Cathodic Protection of Bare Pipe 


The simplest method of achieving pro- 
tection in a pipeline is to use a con- 
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centric cylindrical anode as shown in 
Figure 1A. The current density is uni- 
form over the bare pipe surface and the 
electrolyte resistance per unit length is 
readily calculated. The resistance of each 
foot length will be:— 


ie eB 
R= 27 X 30.5 


D D 
loge = 0.012 P log 10 a 1) 


where p = ohm cm 
D = Diameter of pipe, inches 
d = diameter of anode, inches 


Thus a 3-inch diameter rod anode in a 
30-inch diameter pipeline which contains 
water at 100 ohm-cms will have a elec- 
trolyte resistance of 1.15 ohms per foot. 
If a current density of 4 milliamperes 
per square foot of pipe surface is re- 
quired for protection, that is 31 milli- 
amperes per foot run, the driving voltage 
required would be 36 mV. 

The current required for protection 


A—Concentric cylindrical anode. 
and support. 


B—Off-center cylindrical anode 


Abstract 


The internal cathodic protection of large 
steel pipe carrying sea water is discussed 
both from the practical and the theoretical 
viewpoint. Systems considered involved use 
of such devices as concentric cylindrical 
anodes, off-center cylindrical anodes, wall 
mounted anodes, and central point lead 
alloy anodes fed with impressed current 
from a de source. The cathodic protection 
was applied to both bare and coated pipe. 
Testing was done both in the laboratory 
and on a full scale level. 

The designing of a potential measuring 
device and the determination of protection 
criteria are considered briefly. Other topics 
discussed include coating the pipe interior, 
computing the costs of cathodic protection, 
and determining the relationship between 
anode separation and anode diameter in 
pipes with the same coating and electrolyte. 

ft was found that coatings will effect the 
largest economies on the smaller diameter 
pipe where the cost of the cable is lowest 
and where smaller anode supports can be 
used with small anodes. At the moment the 
most economical method of protection 
seems to involve the use of a cheap readily 
applied coating of reasonable resistance and 
cathodic protection from point anodes 
mounted at or close to the center line of the 
pipe. Sime 


will increase directly as the pipe size 
increases, that is twice as much current 
will be required in a 60 inch diameter 
pipe as in a 30 inch diameter pipe. Also 
the resistance of each foot length will 
increase as the logarithm of the ratio of 
the pipe to anode diameters; that is the 
resistance of each foot length will double 
if the anode is made 0.3 inch diameter 
instead of 3 inches diameter in a 30 
inch diameter pipe. The extremely low 
resistances and driving voltages required 
with this method allow its exploitation in 
waters of high resistivity. 

The continuous concentric anode has 
some disadvantages, mainly due to its 
bulk. In large diameter pipes it may be 
simpler to mount the anodes closer to 
the walls either by holding them a short 
distance away—Figure 1B—or by em- 
ploying techniques similar to those used 
to attach anodes to the outside hulls of 
ships'\—Figure 1C. Where the anode is 


Ma NE MAT 


AN 


C—Wall mounted anode. 


Figure 1—Anodes for cathodic protection inside a pipeline. 
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Figure 4—Over-protection and anode currents at various anode spacings for 48-inch diameter pipe. 
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that is x=kD” (6) 
Near to the anode, however, the pipe 
will not act as a transmission line so that 
the maximum distance between the 
anodes will be the sum of two distances, 
one as detailed above and the other 
the influence of the anode. The spread of 


protection will be 
S=C(D)+kD” (7) 


where S is the inter-anode distance, D 
the pipe diameter, k is a constant and 
C (D) some function of D. The influence 
of the anode will be small (i.e., GC (D) 
will be less than k D’™”), so that C(D) 
need not be determined accurately. Also 
it will be a constant number of diam- 
eters and C (D) may be estimated as 
one diameter. Now equation 7 becomes 


S=D+kD” (8) 


The value of k will depend upon the 
water resistivity and the coating con- 
ductance. It will vary inversely as the 
square root of the resistivity and in- 
versely as the square root of the con- 
ductance per unit area of the coating. 
Thus, if the maximum permissible dis- 
tance is 20 feet in a 60-inch diameter 
pipe when the coating has a resistance 
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Figure 5—Laboratory test arrangement. 
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of 50 ohms per square foot, then if this 
resistance is increased 100 times, the dis- 
tance between anodes can be calculated. 


Si= D+ -k: D” 
S:= D+ 10k: D” since kz = 10k: 
S: = 155 feet. 


This means that the anodes can be 
spaced 155 feet apart. Had there been 
a direct dependence of this distance upon 
the coating resistance, the anodes could 
have been placed 2,000 feet apart. Sim- 
ilar variations will occur with changes in 
electrolyte resistivity, though it is a con- 
dition in deriving equation 8 that C (D) 
is small compared with k D™ and this 
condition must hold. 


In the above calculations it has been 
assumed that the parameters of the coat- 
ing and the water resistivity are known. 
While the latter is easily determined, the 
former may best be found by a practical 
determination in one size of pipe and 
then the distance calculated for pipes of 
other diameters. To test the formula a 
series of experiments have been carried 
out on bare steel pipes of various diam- 
eters ranging from laboratory determina- 
tions on small pipes to tests on large 
diameter pipes on an actual site. 


Practical Tests on Bare Steel Pipe 


It will not be possible to ascribe a par- 
ticular conductance to the bare steel sur- 
face as there will not be a linear rela- 
tionship between the potential change 
and the current density.* For moving sea 
water two typical polarization curves are 
shown in Figure 3 when 5 milliamperes / 
sq ft and 6% milliamperes/sq ft are 
required to achieve protection. It is pos- 
sible to use this information to calculate 
arithmetically the over-protection and 
anode current at various anode spacings. 
The results of this are shown in Figure 
4A when 5 milliamperes/sq ft is required 
for protection and Figure 4B when 6% 
milliamperes/sq ft is required to achieve 
protection for a 48 inch diameter pipe. 
Curves of similar shape would be ob- 
tained for other pipe diameters, the 
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Figure 6—Variation of potential along pipe. 
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maximum anode separation again vary- 
ing as the square root of the diameter. 


In laboratory tests two short lengths of 
steel pipe were used and these had in- 
ternal diameters of approximately | inch 
and 1% inches. The pipe was coated on 
its outer surface and held vertically in 
sea water as shown in Figure 5. Cathodic 
protection was applied to the inside of 
the tube at the lower end of the tube 
and water was circulated to cause a slow 
flow of water in the tube. The pipe po- 
tential along the tube was investigated 
using a salt bridge extension of capillary 
tube. These investigations suggested a 
maximum anode separation in the tubes 
and the results are shown in Figure 6A 
and 6B. 


Figure 6A shows the variation of po- 
tential along the length of the 0.91 inch 
internal diameter pipe after 3 days and 
8 days protection in slowly moving sea 
water. The general form of the curves 
is that predicted from the mathematics. 
A separation of 22 diameters could be 
achieved between two central point an- 
odes. 


Figure 6B is a plot of the polarization 
that occurred in a 1.56 inch internal di- 
ameter tube at two levels of current. The 
potentials remained at the level reached 
after 20 hours under continued protec- 
tion. Other tests showed that in the 1.56 
inch tube a spread of 18 diameters could 
be expected from central point anodes. 

Field tests on larger pipes were made 
using three anodes and a series of half 
cells to measure the pipe potential as 
shown in Figures 7A and 7B. A fixed 
current was fed into the center anode 
and then the current into the outer pair 
was varied to cause protection to be just 
achieved at the point of minimum pipe 
potential change. These minima were ar- 
ranged to be approximately the same 
distance either side of the central anode. 
The “inter-minima” distance was meas- 
ured and this showed the maximum per- 
missible distance between anodes at that 
particular current. 


Three sizes of pipes were available on 
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419t 





38 CORROSION—NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


site, 16 inch diameter, 24 inch diameter, 
and 36 inch diameter. Short lengths of 
these were strung end to end through 
reducers, and three anodes were placed 
in each section. In the 16 inch pipe these 
were 8 feet apart, in the 24 inch pipe 10 
feet apart, and in the 36 inch pipe the 
anodes were 12 feet apart. A string of 
saturated silver chloride half cells was as- 
sembled so that the half cells were 1 foot 
apart and the string was fixed in the pipe 
close to the pipe wall. The half cells 
were not positioned exactly in relation 
to the anodes but were used as a distance 
reference frame. As the significant meas- 
urement is the distance between minima 
this can be determined without exact ref- 
erence to the anode positions. 

The velocity of the water in the pipes 
was measured and was arranged to be 
varied from a slow replacement at no 
measurable velocity up to speeds of 5 
feet per second. This unfortunately was 
attainable only in the smallest diameter 
pipe and the smaller speeds were used 
on the other pipes. As the effect of the 
velocity was small, particularly upon the 
ultimate spread of protection, this limita- 
tion of flow velocity did not invalidate 
the experiments. Three typical results are 
shown in Figures 8A, 8B, and 8C. 


Criterion of Protection 


It was assumed that the pipe metal 
was adequately protected when its po- 
tential relative to a saturated silver chlo- 
ride half cell was —0.75 volt. This cri- 
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A—Diagrammatic arrangement of half cells and 
anodes in pipe. 


terion was adequate in the tests and at 
these potentials a thin grey film formed 
on the steel surface. The results show 
some variation caused by polarization 
and velocity but these are small and are 
generally included in the small circles 
indicating the results in Figure 9. These 
results are compared with two others 
reported and with a curve of the type 
S = D+ k D” with which it is in good 


agreement. 


Pre-Engineering Tests Planned 


So far the tests described have shown 
that there is a simple relationship be- 
tween the anode separation and the pipe 
diameter in pipes with the same coating 
and electrolyte. To complete the experi- 
ment in a series of tests involving various 
pipe coatings and electrolytes should be 
made. These tests are comparatively dif- 
ficult to perform both because the effects 
of coating application and coating de- 
terioration under such conditions are not 
fully known and because no great num- 
ber of practical installations are avail- 
able upon which to make tests. 

When tests are carried out two meth- 
ods can be used. A coating conductance 
can be measured, say by using a con- 
centric anode in a small length of pipe, 
and this related to the pipe diameter and 
water resistivity to determine the maxi- 
mum spread that can be obtained; this 
technique would test the formulae given 
earlier. Or alternatively, a current drain- 
age survey can be made on part of the 
point anode installation and from this 
the spread to be expected in other sim- 
ilar pipes can be determined by the 
method already described for bare pipe 
lines. In both cases the results should be 
the same and as in each case similar 
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B—Plot of half cell potentials at various values of 
current into anodes A, B and C 


Figure 7—Testing arrangement and results. 
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measurements must be made, there seems 
little to choose between them. For pur- 
pose of estimating the anode separation 
it would be useful to be able to compute 
the separation with various coatings and 
from this point of view the former 
method may be the more rewarding. Cer- 
tainly it would be interesting to test the 
theory developed even if only to prove 
consistency of the predictions. An op- 
portunity exists here for additional work. 
For the present discussion, assume that 
the spread factor k varies inversely as 
the square root of the coating conduct- 
ance. Then in the 60-inch diameter pipe 
described earlier, it is possible to plot 
the expected spread of protection against 
the coating resistance per square foot. 
This has been done in Figure 10. 


Full Scale Installation on 
Bare Steel Pipe 


Having proceeded so far with the ex- 
perimental work a full scale installation 
for the cathodic protection of the inter- 
nal surfaces of the sea water cooling sys- 
tem was made using central point lead 
alloy anodes fed with impressed current 
from a dc source. The anodes were de- 
signed so that they could be withdrawn 
from the pipes and all electrical con- 
nections carried through the pipewall. 
The anode was attached to an insulated 
steel support as shown in Figure 11. This 
support was covered in PVC* and the 
anode was then attached so as to seal 
the edge of the coating. A layer of ad- 
hesive was used to bond the lead to the 
PVC both having been machined so as 
to form the pair of matching surfaces. 
The insulated support was brought 
through a gland to the outside of the 
pipe where electrical connection was 
made to it. The gland was attached to 
a pipe flange and the assembly was in- 
serted into the pipe via a T junction, 
which was formed by welding a small 
neck flange to the pipe. The earlier an- 
ode* resembled a croquet mallet the two 
striking faces of which were lead alloy. 
In order to reduce the size of the T 
branch, and consequently the work in- 
volved in fitting the equipment, the an- 
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B—Inter anode distance, 24-inch diameter 
pipe. 


Figure 8—Potential to saturated silver chloride half cell. 
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ode and holder were changed in shape 
to resemble a hanging lantern, the lead 
occupying the position of the glass bowl, 
as in Figure 11. Anodes have been in 
service since late 1957 and are proving 
to be entirely satisfactory. 

The pipes protected were bare steel 
and carrying sea water so that the an- 
odes were separated along the pipeline 
by less than the distances indicated in 
Figure 9. Where an anode was close to 
a bend or near a bifurcation, smaller 
spacings were used. At a bend the out- 
side dimension of the bend was meas- 
ured. This measurement was used as the 
spread distance, while at junctions the 
anode was either considered to give al- 
most normal spread up each arm if 
located at the point of bifurcation or, if 
placed elsewhere, its spread was con- 
sidered to be reduced in a similar man- 
ner to the reduction at the bends. It was 
assumed that valves would consume ad- 
ditional current and the anode separa- 
tion was reduced by one diameter at each 
valve as a consequence. 


Potential Measuring Device 


To prove the adequacy of the cathodic 
protection some potential measuring de- 
vice had to be used. As it seemed difficult 
to use permanently placed half cells, a 
new potential measuring unit was de- 
veloped. This consisted of a porous ce- 
ramic plug held in an insulating plastic 
holder and inserted through the pipe 
wall, as in Figure 12. The porous plug 
became saturated with the electrolyte 


* Later models in neoprene. 
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and by placing the half cell plug in con- 
tact with the outer side of the ceramic 
plug then the potential of the metal in- 
side the pipe could be determined. The 
unit is protected by a steel box and 
water-tight cap so that even at high pres- 
sures no serious leak occurs should the 
porous plug fail. No failures have been 
reported from the extensive practical use 
of this device. 

An alternative arrangement is sug- 
gested which uses a pure zinc plug in 
place of the porous ceramic plug and the 
zinc potential relative to the pipe is then 
measured. This potential depends to 
some small extent upon the electrolyte. 
While this potential is sufficiently con- 
stant to be useful in an actual protection 
installation it did not appear to be suffi- 
ciently accurate for experimental work. 

The de network which fed the anodes 
was supplied from a number of trans- 
former rectifier units. From each of these 
a cathode lead was taken to the pipes 
and a series of anode busbar leads to 
the various anodes in the unit’s vicinity. 
Each anode was coupled to one such bus- 
bar through a variable resistor and these 
were adjusted to give protective poten- 
tials to the pipe metal. This system was 
used because of the variety of pipe sizes 
and the complexity of the installation. 
With other engineering jobs where long 
uniform lines are being protected all the 
anode currents could be adjusted from 
the transformer-rectifier. Because the in- 
stallation was adjacent to a refinery the 
units were made to similar specifications 
to flame proof equipmert and mineral 
insulated cable was used throughout. 
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Figure 10—Plot of expected spread of protection against coating resistance per 


square foot. 
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Figure 11—Anode and holder. 
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The installation is complete and the 
components that have been running for 
some time, confirm the experimental re- 
sults. 


Coating the Pipe Interior 


The maximum permissible anode sepa- 
ration can be increased by coating the 
pipe interior with a resistive film. This 
coating must have certain special prop- 
erties to be entirely suitable for use with 
cathodic protection. Most important of 
these is the fact that the coating must 
not soften under the influence of the 
cathodic reaction either by degradation 
of the vehicle or the pigment. The flow 
of water in the pipe will reduce this 
tendency and little damage will occur to 
most coating systems that will withstand 
the effects of alkali softening at poten- 
tials of —0.9 volt to silver chloride on 
steel in static sea water. Another detri- 
mental effect in sea water is the absorp- 
tion of water by the coating, particularly 
by electro-osmosis under the influence of 
the cathodic potential. This absorption 
lowers the coating resistance. 


Economics 


The cost of the cathodic protection of 
a bare steel pipe can be computed per 
foot run of pipe. This cost will include 
the cost of the anodes, cable and power 
unit. Now, if the pipe is coated the an- 


odes will be less in number and each one 
will give a smaller current output. The 
latter will not cause a large reduction in 
cost as the one used in the protection of 
the bare pipe was of little weight and 
small in size. 

The reduction in the number of an- 
odes will be inverse of the increase in 
anode separation so that the cost of the 
anodes calculated per foot will be re- 
duced. The cost of providing the power 
unit etc. will be small compared with 
the anode costs so that though this will 
be reduced it will not be of great signifi- 
cance. The cost of the de network will 
be approximately the same as it will have 
to extend along the pipe and the cost 
per foot of this will also be the same. 
The cost of such cable may be high com- 
pared with the cost of the anode unit, for 
example, the anode cost may be $1.40 
per foot run and the cable cost when 
installed may be nearly half this. These 
figures might apply to a 60 inch line in 
which a spread of 60 feet was achieved. 
To increase the spread to 120 feet by 
using a better coating would only reduce 
the cost per foot of the installation from 
say $2.10 to $1.40 per foot while the cost 
of the superior coating may be more 
than an extra 4.5¢ per square foot.** 

From this analysis it can be seen that 
** The costs in dollars and cents are computed 

from English money at $2.80 = £1 for a hypo- 


thetical case and are intended only to be indica- 
tive of the method of assessing the economies. 


Any discussion of this article not published above 


will appear in the December, 1959 issue 


Vol. 15 


coatings will effect the largest economies_ 
on the smaller diameter pipes where the 
cost of the cable is lowest and where 
smaller anode supports can be used with 
small anodes. Also the system described, 
though ideal for bare or poorly coated 
pipe, must be compared with the off- 
center or side-mounted anodes for use in 
well coated pipes. Before these methods 
can be compared in detail some tests 
similar to those described above will be 
necessary. No doubt as this problem 
grows the various methods will be used 
and a closer study can be made of the 
problem of protection using a combina- 
tion of a coating and cathodic protection. 
At the moment the most economical 
method seems to involve use of a cheap 
readily applied coating of reasonable re- 
sistance and cathodic protection from 
point anodes mounted at or close to the 
center line of the pipe. 
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Introduction 


HE USE of impressed distributed 
anodes pulled into a duct and em- 
ployed in conjunction with a direct cur- 
rent power source for cathodic protection 
of lead sheathed cables in underground 
conduit is a relatively new idea. The first 
technical papers on the subject were pre- 
sented in 1955* and a U. S. patent was 
issued on August 20, 1957 
Before the development of the articu- 
lated duct anode, continuous anodes such 
as scrap cable, special anode cable and 
galvanic ribbons were pulled into duct 


‘systems and used for corrosion control. 


These systems were effective, but the life 
of the anode was too short. Development 
of a long life duct anode was undertaken 
because of its low installation cost and 
close electrical coupling with the pro- 
tected cable which minimizes interference 
with other utilities. 


Experience with Graphite Anode 
Elements 


In January, 1954, the first articulated 
duct anode’ on the Philadelphia Electric 
Company System was installed. This 
anode was made of graphite rod ele- 
ments 2 inches in diameter by 18 inches 
long, with rounded edges and equipped 
with a No. 8 AWG rubber insulated cop- 
per wire lead or pigtail approximately 2 
feet long. The copper wire lead was 
sealed into the connection hole at the 
end of the graphite element with a com- 
pound and rubber gasket. Individual ele- 
ments were attached on five-foot centers 
along a No. 4 AWG rubber insulated, 
neoprene jacketed header wire with a 
wrapping of 20-mil thick polyvinyl tape 
at both ends. The copper wire was served 
and soldered to the No. 4 header wire, 
and the splice was insulated with rubber 
and polyvinyl tape. 

Life of this anode design was esti- 
mated to be 20 years. In addition, it was 
felt that failure of a single element with 
this type construction would not leave 
any section of cable exposed because the 
adjacent elements would supply sufficient 
protection current to cover the gap. 

Further improvement upon the design 
was made on an anode installed by New 
Jersey Bell Telephone Company’ by pass- 
ing the header wire through the graphite 
and by making internal connections in- 
stead of binding elements to the header 
wire and making external connections. 
Element length was reduced to 12 inches 


* Submitted for publication January 8, 1959. A 
paper presented at a meeting of the 15th Annual 
Conference, National Association of Corrosion 





Engineers, Chicago, March 16-20, 1959. 
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to permit pulling around the shorter 
radius bends in the smaller sized tele- 
phone ducts. 

The effect of a continuous wire was 
achieved by cutting the element in half 
radially and threading the center of each 
half to fit the threads on a special con- 
nector. The wires were inserted through 
the holes in the center of the halves of 
the elements; wire ends were spliced by 
compressing them in the connector. Then 
the element halves were screwed to- 
gether on the threads of the connector. 
Cement and compound were used to 
make seals. Chances of losing the con- 
nection were minimized by using the 
center type connection rather than the 
end type, but, if an element were dam- 
aged or expended, the wire would be 
severed and protection lost beyond this 
point. 

Excellent results at various locations 
in stopping corrosion of lead cable 
sheath have been obtained with cathodic 
protection using articulated duct anodes. 
However, time showed this system was 
not trouble-free. 

After two years of operation, a routine 
test was made in Chester, Pa., on an 
anode system of the original design shown 
in Figure 1. In one section the anode 
had been set to operate at 10 volts be- 
tween the anode and cable sheath with 
an average output of 10 milliamperes 
per element. In the other section the 
anode had been set to operate at 4 volts 
between the anode and cable sheath with 
an average output of 15 milliamperes 
per element. Portions of these two man- 
hole-to-manhole sections were inopera- 
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Abstract 


Discusses tests conducted on high silicon 
iron anodes in ducts containing silt. Graph- 
ite anodes in silt filled ducts have short 
life because gases, liberated by electrolysis 
and trapped by silt, attack the graphite 
binder, tape adhesive and wire insula- 
tions. 

Presents illustrations of new anode ele- 
ments and discusses new materials used. 
Tests conducted for best spacing of ele- 
ments are given. 7.7 


tive, and the two sections were removed 
for visual inspection. The following con- 
ditions were noted: 


Section One 


Heavy silt deposits had collected over 
almost the entire section of 55 elements. 
The terrain was level. 

Electrical grade polyvinyl tape used to 
secure elements to the header wire and 
as a protective cover over the splices had 
lost its adhesion. 

Two splices had failed from corrosion, 
and others had minor corrosion of the 
copper. 

Visual inspection of the elements 
showed severe deterioration as follows: 


(a) Severe graphite loss had occurred 
on the element end which had the elec- 
trical connection. 


(b) Severe size reduction occurred at 
scattered locations along each element 
with the most severe material loss occur- 
ring near the connection end and adja- 
cent to and partially under the tapes 
used to secure the element to the header 
wire. Softening of the graphite also oc- 
curred at these points. Softened material 
had the consistency of putty. 


(c) Because of the erosion and soften- 
ing of the element material, sealing gas- 
kets were separated from the graphite. 
In some cases, there were voids in the 
sealing compound. This exposed the cop- 
per connection which was then destroyed 
by electrolytic corrosion. 


Section Two 


Very little silt had collected around 
the 92 elements because ducts were on a 
grade. 

Polyvinyl tapes had lost adhesion. 

One element was separated at the loca- 
tion where it was taped to the header 
wire. At this point the header wire insu- 
lation had been destroyed, and the wire 
was corroded away for several inches. 

Individual elements showed severe loss 
of graphite at the connection and other 
local areas along the elements, but soft- 
ness was not as acute as in Section One. 

General condition of the removed 
anodes appeared to follow the same pat- 
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Figure 1—Anode in electric conduit line. 
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Figure 2—Deterioration of polyvinyl insulation on 
header wire after four years of operation. 


tern as described in a report by NACE 
T-2B Technical Committee.* 

After this severe deterioration was 
found, anodes were inspected from two 
manhole-to-manhole sections of the orig- 
inal installation adjacent to the Dela- 
ware River. This installation had oper- 
ated about four years with 4 to 7 volts 
between the anodes and cable sheaths 
and an average output of 20 milliam- 
peres per element. This is a tide-water 
area where large amounts of silt accumu- 
late in the ducts. Condition of these 
anodes was similar to those inspected in 
Chester except that deterioration had not 
been as rapid and the greatest graphite 
loss was at element ends. 

Examination of the anodes removed 
and later laboratory tests indicated that 
silt in the ducts was indirectly respon- 
sible for causing the graphite elements 
to deteriorate. Silt that surrounded the 
elements trapped the acid products and 
gases generated in the electrolysis proc- 
ess. These injurious substances concen- 
trated around the elements and attacked 
the tape adhesives and the graphite 
binder. 

When the Chester anodes were re- 
moved, deterioration of the rubber and 
neoprene wire insulation was observed 
under the tape used to attach the element 
to the header wire. When the anodes 
along the Delaware River were removed, 
insulation of header, feeder wires and 
element leads also was badly deterio- 
rated. Water filled blisters had formed 
between the rubber insulation and the 
neoprene jacket of the header wire. At 
scattered locations, the polyvinyl feeder 
wire insulation was swollen and spongy. 

Figure 2 shows the blister shaped 
swellings about two inches long that 
formed on the header wire where it lay 
against the elements near their ends. 
Insulation resistance of four deterio- 
rated sections was measured after sub- 
mersion in tap water for 72 hours. Re- 
sistance of three was infinite and the 
fourth was 12 megohms, but the insula- 
tion’s spongy condition indicated that a 
rapid attenuation of insulation resistance 
would have occurred if the wire had 
been left in service. 
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Figure 3—Anode test box. 


Design and Test of Silicon Iron Anode 
Elements 


Failure of the graphite elements and 
the wire insulation reduced the expected 
life of the protection system to less than 
one-tenth of that anticipated. This trouble 
indicated that a more durable element 
material should be used and that a wire 
insulation was needed to resist deteriora- 
tion from electrolysis by-products. At 
the time the Chester anode failures were 
discovered, another area was under in- 
vestigation that would involve the protec- 
tion of the cable in approximately 18,000 
feet of duct bank. Since this duct bank 
contained important subtransmission lines, 
development of an improved anode was 
undertaken. 

A silicon iron anode 14 inches in di- 
ameter by 60 inches long equipped with 
a feed wire having polyethylene insulation 
and a polyvinyl jacket was laid in deep 
silt on the Delaware River bottom. After 
operating for two months at 63 volts and 
2.5 amperes, it was removed for inspec- 
tion. Metal loss from the anode was neg- 
ligible, but water blisters had formed be- 
tween the polyethylene insulation and 
the polyvinyl jacket of the wire. Also the 
insulation of a lifting wire wrapped 
around the center of the anode was se- 
verely deteriorated and had the same 
general appearance as the polyvinyl insu- 
lation on the Delaware Avenue feeder 
wire shown in Figure 2. 

A laboratory test of silicon iron ele- 
ments duplicated field installation with 
outside influences removed such as stray 
current, unpredictable pH, water flushing 
etc. Anodes and test box used are shown 
in Figure 3. One element was placed in 
a 5-inch fibre duct packed with silt; 
another was placed in a water filled 5- 
inch duct equipped with a vent tube. A 
graphite element was placed in a 5-inch 
duct packed with silt. 

The three ducts were placed in a box 
filled with silt and kept saturated with 
tap water throughout the test. Copper 
lined sides and bottom of the box were 
dimensioned to simulate the anode sur- 
rounded by cable. The anodes were 
energized and the current densities ad- 
justed to approximately 40 milliamperes 
per square foot. 

After two months of operation, the 
graphite element showed definite loss of 
material and softening at the ends. Most 
pronounced loss primarily was at the 
electrical connection end. Silicon iron 
elements showed no physical changes or 
loss of metal. 

Though the test box was kept satu- 
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Figure 4—Anode resistance. 
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Figure 5—Silicon iron anode used in laboratory tests. 


rated, direct current drove most of the 
water from the silt adjacent to the sili- 
con iron and graphite elements in the 
silt packed ducts. At the end of the test 
this silt was hard and dry. This action 
places a definite limit on the current 
output of an element. With 125 volts on 
the silicon iron element a current of 12 
ma was obtained. If this voltage were 
raised, the current would increase tem- 
porarily and then return to about the 
same value. With 790 volts impressed, 
a current of only 17 ma was obtained. 
Resistance of elements buried in silt is 
plotted in Figure 4. 

Resistance per square foot of these 
elements was 20 times that of the silicon 
iron pilot which was in the vented water 
filled duct. Variation of silicon iron ele- 
ment resistance with time is attributed 
to the formation of shrinkage cracks in 
the hardened silt surrounding the ele- 
ments. 


Design of Silicon Iron Anodes 
Selection of Materials 
Characteristics demonstrated by silicon 


iron on test and in service indicated that 
this material was ideal for a duct anode. 


The element design (shown in Figure 
5) was produced in cooperation with 
silicon iron products supplier. Inside di- 
ameter of the element was 114 inches ex- 
cept for a l-inch section at the center 
where the diameter was reduced to one 
inch. This design could be readily molded 
at the foundry. 


Because rubber, neoprene and_poly- 
vinyl wire insulations had failed, ten ma- 
jor cable manufacturers were given a re- 
port of operating experience and were 
requested to submit a recommendation for 
a suitable cable. Seven manufacturers re- 
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plied. In all cases, black high molecular 
weight polyethylene insulated wire was 
recommended. This material has a high 
resistance to erosion* from current flow 
along its surface and has excellent re- 
sistance to environmental cracking. 


Assembly 


In assembly of the element, approxi- 
mately one inch of insulation was re- 
moved from the end of the two copper 
wires. The wires were centered in the 
element. An assembly washer was _ in- 
stalled on one wire. The element was 
then placed in a vertical position with 
the assembly washer on the bottom and 
a measured amount of molten lead 
poured into the element so that the re- 
duced diameter section in the center was 
surrounded with lead. The assembly 
washer acted as a dam for the lead. 
Semi-plastic compound was used to fill 
the space on either side of the lead 
plug. Two polyethylene washers and a 
tapered polyethylene cap were forced 
into each end of the cylinder. 

Tensile strength of the solder connec- 
tion was tested. The connecting wires 
began to pull out of the element at 796 
pounds. One pulled completely out at 
852 pounds, the other slipped one quar- 
ter of an inch. This tension is well below 
the 1100 pounds minimum breaking 
strength of No. 4 wire. The wire was un- 
tinned which resulted in a weak soldered 
connection. 

Figure 6 shows the internal parts of 
the element tested. Voids can be seen in 
the semi-plastic sealing compound. Solder 
from the connection ran along the seal- 
ing compound to and over the inside 
polyethylene washer. This left only the 
outside polyethylene washer to seal the 
anode connection. A better assembly was 
produced later, but characteristics the 
designer intended were difficult to ob- 
tain. High resistance developed in the 
connection in a large number of silicon 
iron elements after installation. 

For improved element design, the as- 
sembly shown in Figure 7 was made, 
Individual elements were assembled on a 
continuous polyethylene insulated wire, 
permitting utilization of the full tensile 
strength of the copper conductor. With 
this arrangement the connection in each 


*When an anode is buried in mud, current takes 
a path of least resistance along wire insulation 
surface, forming elonged wavy grooves. This 
phenomenon was called erosion by the cable 
manufacturers, 
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element supplies only the mechanical 
strength necessary to pull that element 
into the duct and maintain good elec- 
trical contact; the non-continuous con- 
nection had to be strong enough to pull 
all the elements behind it into the duct. 

First attempt in assembling the new 
type anode used commercial lead to 
make the connection between header wire 
and element. This connection tended to 
have high resistance because as the lead 
cooled it shrank. Voids developed be- 
tween the element material and the lead. 
When the resin sealing compound was 
poured, it ran between the element and 
the lead, filling these voids and partially 
insulating the element from the wire. 
Upsetting (compressing) the lead from 
one end radially expanded the plug, 
eliminating voids and greatly reducing 
contact resistance. The latest element 
design uses a tinned copper header wire 
and an alloy of lead, tin and antimony 
instead of commercial lead. 

Tests showed that these changes low- 
ered the electrical resistance between 
header wire and element below 400 
microhms at —5C. At 20C the value 
was too low to detect in the presence of 
the 1750 microhms resistance of the 
seven feet of wire between elements of 
the anodes tested. Strength of the con- 
nection was increased to a point where 
the wire will break before it will pull 
out of the element. 

Because few materials adhere to poly- 
ethylene, various sealing compounds were 
tried. After several experiments, a resin 
was found that adhered to the poly- 
ethylene insulation with a bond of about 
200 pounds per square inch. Approxi- 
mately 2! inches of wire were imbedded 
in the resin on element ends. Tests on 
several elements showed no leaks along 
the wire or along the junction of resin 
and silicon iron from 30F to 160F with 
125 psi air pressure applied to the in- 
terior during 12 daily temperature cycles. 

Tapered wooden plugs were used in 
the element ends to prevent the leading 
end from catching on obstructions when 
pulled into the duct. Twelve elements 
were submerged in water to make a 
swelling test of the wooden plugs. After 
72 hours of soaking, expansion was in- 
sufficient to cause any damage to the 
element. 


Shipping 
Previously, anodes were shipped on 
reels, but anodes of latest design can be 
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Figure 7—Improved silicon iron anode element. 
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packed readily in a wooden crate which 
is more economical and easier to handle 
and ship than a reel. 


Economy 

This anode is now being assembled at 
a 40 percent saving over the original de- 
sign using graphite elements. A major 
portion of this saving is in the element 
material itself. Additional savings are 
made possible by improved production 
methods, cheaper handling and shipping 
and elimination of splices and mechani- 
cal connectors. 


Test for Selection of Element Spacing 

Because considerable saving could be 
realized if the element spacing were in- 
creased, a special articulated test anode 
was made with 19. elements connected 
electrically to four separate header wires 
so that various element spacings from 5 
to 30 feet could be tested. 

This anode was pulled into a typical 
conduit containing four lead sheath 
cables bonded together with No. 8 wire. 
Tests were made by reading the voltage 
between a reference test electrode in an 
empty duct adjacent to the anode and 
the cable sheaths when the test potential 
was periodically connected and discon- 
nected. Plotting these data gave a voltage 
profile of the cable along the entire 
length of the anode. 

Starting with a low average current 
density of 2 ma per element, tests were 
made with element spacings of 30, 15, 
10 and 5 feet. The reference test elec- 
trode was moved to another empty duct 
with an increased distance from the 
anode and the same tests repeated. Tests 
were repeated with average current 
values of about 5, 10 and 15 ma per 
element. All test currents were applied 
only for sufficient time to read the instru- 
ments to avoid gas film formation on the 
cables. 

Results of tests at 5- and 15-foot spac- 
ings are shown in Figures 8 and 9 for 
simplicity and ease of interpretation of 
the curves. Irregular conditions are typi- 
cal of existing duct where it not only 
follows the ground contours but it must 
also change elevation to clear other 
underground structures, thereby causing 
wet and dry sections of duct. These 
variations account for peaks and valleys 
in the voltage curves. 

It is important to note how the voltage 
readings vary with respect to the spacing 
between anode and empty duct in which 
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Figure 10—Cable sheath potentials to reference electrode. 


the reference electrode was placed. The 
valleys remained almost the same, but 
the peaks became much sharper when 
the reference electrode was placed nearer 
the anode. Therefore, care was required 
when evaluating data to correlate volt- 
ages with relative position of the cables, 
anode and reference electrode to assure 
sufficient protection for all cables with- 
out over protecting any of them. 

The curves of Figures 8 and 9 show 
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the voltage relations without gas films on 
the cables. As the hydrogen film forms 
on the cables, peak voltages at the ele- 
ments will not change much, but the 
lower cathodic voltages between ele- 
ments will increase and provide protec- 
tion in these sections. This behavior was 
observed in the data presented in Fig- 
ure 10. 

Data from Figures 8 and 9 were used 
for anode design for 3.4 miles of duct 


Figure 9—Coupling voltage characteristics with elements at 15-foot spacings. 


bank because the terrain, soil resistivity 
and pH at the test location was typical 
of the whole area. Optimum element 
spacing was selected at 15 feet, and 
18,000 feet of anodes were installed at a 
cost of approximately $30,000, not in- 
cluding engineering and testing, to pro- 
tect cable with a replacement value of 
over $400,000. 


Experience revealed that original duct 
anode arrangement which placed an ele- 
ment on the manhole floor resulted in 
over-protection of the cables in the man- 
holes where the cables were submerged. 
The present design has eliminated the 
manhole element, but an element placed 
within two feet of the duct mouth on at 
least one side of the manhole was needed 
to maintain protection continuity. Elimi- 
nating the element from the manhole 
avoided a possible short circuit between 
element and cable sheath and any shock 
hazard to personnel. 


Field Installation Data 


In August, 1958, the first two manhole- 
to-manhole anodes of the new design 
were installed on Delaware Avenue in an 
area where ducts are heavily silted, to 
replace graphite element anodes installed 
in 1954. In these two sections the ele- 
ments were spaced on five-foot centers to 
correspond with the original anode design. 


After ten weeks of operation, cable 
sheath potential measurements were made 
every foot along 100 feet of duct bank 
with respect to a lead slug reference 
electrode pushed into an empty duct. 
These readings are plotted in Figure 10. 
The two upper curves show that the 
anode current was distributed to such a 
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degree that position of individual ele- 
ments was obscured. Range of sheath 
potential to reference electrode was large 
but typical of other installations in this 
area. . 

The three lower curves show that an 
extensive polarization film had devel- 
oped around the cables which was very 
slow to dissipate after the anode had 
been de-energized. Between the fifth and 
seventh day there was an average poten- 
tial change of approximately 0.15 volts. 
Between the seventh and fifteenth day 
there was almost no potential change in 
the locations between 1 and 25 feet and 
75 to 90 feet, but between these two sec- 
tions there was an average potential 
change of approximately 0.10 volts. This 
indicates that the duct is more com- 
pletely filled with silt in this area and 
requires more time to depolarize. 


Summary 
The Philadelphia Electric Company 
has had excellent results in stopping lead 
cable sheath corrosion with duct anodes. 


However, certain problems developed as 
listed below: 

1. Graphite elements deteriorated when 
operating in silt, reducing the anode life 
to less than one-tenth of that anticipated. 

2. Polyvinyl insulation and rubber in- 
sulation with neoprene jacket deteriorated 
rapidly when used on cable supplying 
direct current to graphite anodes operat- 
ing in silt. 

3. Polyvinyl tape lost its adhesion, re- 
sulting in failure of electrical connec- 
tions. 

In the design of new duct anodes, the 
following steps were taken to correct the 
above conditions: 

1. Silicon iron elements were used in- 
stead of graphite. 

2. Individual elements were assembled 
on a continuous insulated wire to elimi- 
nate all mechanical connectors, splices 
and taping. 

3. The d-c supply cable was insulated 
with black high molecular weight poly- 
ethylene. 


Any discussion of this article not published above 


will appear in the December, 1959 issue 
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Curves derived from field data were 
helpful in determining the most eco- 
nomical anode element spacing and the 
minimum current requirements when 
cathodically protecting cables with an 
articulated duct anode. 
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Anchor Pattern Profile and Its Effect on Paint Performance” 


Introduction 

EVERAL PREMATURE failures of 

paint occurred in 1951 on_ blast 
cleaned structural steel exposed to an 
industrial atmosphere for less than a 
year. These results were surprising be- 
cause the surface had been blast cleaned 
thoroughly and painted with high qual- 
ity, heavy-duty steel primers. Examina- 
tion of the specimens under magnifica- 
tion revealed that failures occurred by 
inception of pinpoint rusting on peaks 
of excessively rough surfaces, as shown 
in Figure 1. Insufficient primer obviously 
had been applied to the anchor pattern 
peaks. 

Experimental work verified this con- 
clusion. Steel plates were grit blasted 
in the same manner as the early failures 
were, and identical steel plates were 
sand blasted in a conventional manner. 
These plates were primed with a red 
lead phenolic paint and exposed in a 
salt spray cabinet. In a few days, pin- 
point rusting began on the peaks of the 
grit-blasted specimens, but none had 
occurred on the sand-blasted specimens. 

Research to determine the relationship 
between anchor pattern and paint per- 
formance was conducted by the Steel 
Protection Fellowship at Mellon Insti- 
tute under the auspices of the Steel 
Structures Painting Council. Results of 
that investigation, conducted by the au- 
thor, are the subject of this article. 


Anchor-Pattern Profile Measurement 

Anchor pattern refers to the physical 
characteristics or surface topography 
which affects mechanical bond of coat- 
ings. The anchor pattern profile is an 
outline of the surface cross section show- 
ing actual contours so that height of the 
anchor pattern projections can be meas- 
ured. 

An illustration of an anchor pattern 
profile is shown in Figue 2. Maximum 
height of the profile is the vertical dis- 
tance between the valley bottoms and 
top of the highest peaks. This distance 
is hmax. The distance between peaks does 
not enter into the value of hmax even 
though distance between peaks can have 
significant effects on paint performance. 
An example of such a surface is one that 
has been cleaned by rotary descalers. 
Profile of this surface is mostly a smooth 
plane with intermittent high peaks; con- 
sequently it is difficult to protect. 

Generally, the anchor pattern profile 
is determined by an instrument which 
traces the surface contour with a fine 
point that develops an electrical current. 
After amplification, electrical impulses 
are read on a meter or are used to drive 


*% Submitted for perkaten September 8, 1958. A 

paper presented at the 14th Annual Conference, 
National Association of Corrosion Engineers, 
March 17-21, 1958, San Francisco, Cal. 
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a recording pen which records the profile 
on a chart. 

The anchor pattern profile of a steel 
plate that has been grit blasted by a 
centrifugal blast cleaning machine is 
shown in Figure 3. This cleaning tech- 
nique is the same as that used on sur- 
faces which failed prematurely after they 
had been painted. Maximum height of 
the profile, as measured from the chart 
by a surface analyzer is 4 mils. Due to 
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Figure 1—Rusting on tips of painted peaks. 
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Abstract 


Techniques for examination and measure- 
ment of the anchor pattern profile of 
cleaned surfaces are described. Effects of 
various cleaning techniques on surface 
roughness were measured. Blast cleaning 
with high density, large particles produced 
excessively rough surfaces. Paint tests were 
made on steel with a wide range of anchor 
patterns. Concludes that height of the 
anchor pattern profile has a limited effect 
upon corrosion protection afforded by 
paints in atmospheric exposure. we 


the inherent nature of electrical instru- 
ment response, meters that indicate tran- 
sient surface roughness during traces 
give a value of roughness known as the 
RMS roughness or root mean square 
roughness (hrms). This roughness figure 
is very low because it is the square root 
of the sum of the squares of the lengths 
of several evenly spaced lines projecting 
from the profile central axis to the peaks 
and valleys divided by the number of 
lines. 

Because paint failure by pinpoint rust- 
ing occurs on the tips of peaks, maxi- 
mum height of the anchor-pattern profile 
(hmax) must be known. Roughness meas- 
urements such as hrms are important in 
determining the smoothness of the 
painted surface and bond of the coatings, 
but they do not indicate the height of 
the tallest peaks. 

Early work in this project was con- 
cerned primarily with measuring the 
height of the profile. Trace instruments 
used were (1) the Brush Surface Analyzer 
which included an electrical indicating 
instrument calibrated in hrms, a_ chart 
which traced the profile curve so that 
hmax could be measured, (2) the Profilo- 
meter, which indicates and records hrms 


ANCHOR PATTERN PROFILE 








t200 MILs 
Figure 2—Maximum height of anchor pattern 
profile (hax). 
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Figure 3—Typica! anchor pattern profiles. 
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Figure 4—Cross section of G16 grit blasted steel. 





kK 


Figure 5—Cross section of G50 grit blasted steel. 


and (3) the Proficorder which made the 
best profile curve obtained at that time. 

Table 1 shows the difference in the 
height of the profile when measured 
from the profile trace and indicated by 
an electrical meter. Usually, hrms is indi- 
cated in microinches, but here it has 
been converted to mils (one mil = 1,000 
microinches). There is no direct relation- 
ship between profile maximum height 
and roughness as measured by hrms. 

Other methods of measuring the 
profile height were investigated because 
even the best results from trace instru- 
ments were unsatisfactory. Blast cleaned 
specimens were sectioned, mounted and 
examined metallographically. Profile 
height can be determined by measuring 
horizontally with a microscope’s microm- 
eter eyepiece. Photomicrographs of such 
cross sections are shown in Figures 4 
to 6. 

In this manner, true profile height 
had a maximum value of 8 to 10 mils 
though trace charts indicated 442 to 6 
mils. 

Figures 4, 5, and 6 show anchor pat- 
tern variations found after grit blasting 
with very large abrasives, after grit 
blasting with fine abrasives, and after 
sand blasting. 

The following is a summary of five 
methods tried in this investigation which 
were suitable for measuring profile max- 
imum height. All methods are not suit- 
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Figure 6—Cross section of sand blasted steel. 


able for production or field work. 
Specimens may be placed in the work 
position in field blasting and brought 
into the laboratory for measurement. 


1. A long flat spot about 2 to 1 inch 
wide is ground on the surface of a blast 
cleaned steel specimen. Grinding is con- 
tinued until the bottoms of the deepest 
pits are just visible. Depth of the ground 
cut is measured from the top of the 
peaks with a depth micrometer. The 
micrometer base should be at least two 
inches long and should be placed across 
the cut; the base will rest on top of the 
high peaks. The depth to the nearest mil 
is read and estimated to the nearest 
tenth of a mil with a standard machin- 
ist’s depth micrometer or depth microm- 
eter calibrated to tenth of a mil. 

Figure 7 shows this method applied 
to a specimen. The black area is the 
smooth, ground cut; the white specks 
are the pit bottoms. The blast cleaned 
area is shown, and the numerals shown 
indicate the ground cut depth is 10 mils 
(where the pits disappear) and 7 mils 
(where the pits are fairy numerous and 
not completely ground out). This cut 
was made at a slight angle. Depth meas- 
urement is made where the pit bottoms 
just disappear. Unusually deep pits 
should be neglected. This method gives 
the truest over-all picture of profile’s 
maximum height. 

2. Method Number One can be 
adapted for field use by grinding a flat 
spot with a portable drill and a small, 
cup shaped grinding stone. Again, grind- 
ing is continued until the pit bottoms 
disappear. It is difficult to grind a flat 
area in this manner; therefore depth 
measurement should be made on a care- 
fully chosen spot. The micrometer rod 
should be thin, about 3/32-inch. 


The profile height is measured and 
recorded with a surface analyzer. This 
method is fast but does not accurately 
measure the height because of instru- 
ment limitations and stylus radius used 
on rough surfaces. These readings vary 
from the true height readings. On low 
profiles (about one to two mils) the 
surface analyzer registers about two- 
thirds to three-fourths of the correct 
height; on high profiles, the analyzer 
registers about half or less of the correct 
height. There is no correlation between 
analyzer readings and correct readings. 

4. In sectioning and microscopic 
measurement, small pieces are cut from 
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Figure 7—Determination of hmax by grinding surface. 


TABLE 1—Comparative Profile Heights 





Method Grit Blast Sand Blast 
Proficorder hmax 6 mils =| hmax = 2 mils 
a re max¥j¢ ¢ max 
Profilometer hrms = 0.30_to hrme = 0.22 to 
Meter*...... 0.69 mils 0.30 mils 


* Reads j in teevehndias RMS. 


TABLE 2—Comparative Measurements of 
_Maximem Profile ee 


Grit Sand 
Method Blast Blast 
Vertical measure by microscope. 8 3 mils 
Section & microscopic measure. 6 
Grind & micrometer. 

Brush Surface Analyzer....... i 


_ |e 
1a 


bo 


the specimen and mounted for micro- 
scopic examination of a cross section 
showing the surface profile. Specimens 
must be ground and polished according 
to standard metallographic practice to 
be sure the profile measured is not pro- 
duced by the cutting method. The pro- 
file’s maximum height is measured by a 
calibrated filar eyepiece micrometer or 
photomicrographed at known magnifica- 
tion and measured. 

The probability of not sectioning 
through the maximum height of profile 
necessitates regrinding and polishing of 
the specimen several times so that the 
highest profile is revealed and recorded. 

This method results in the most accu- 
rate measurement of an individual peak, 
but it is the most tedious and expensive. 
It is difficult to know if the results 
are truly representative of the over-all 
condition. 

5. Vertical measurement by micro- 
scope is an accurate method and has 
been chosen as the easiest, quickest and 
most inexpensive method for general 
work. It agrees with Method Number 
One when several readings are taken to 
find the average of the maximum heights. 

The specimen is placed on the stage 
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of a standard laboratory microscope. A Impact energy of particles may be cal- a _——— | 
section of the surface is searched for culated by using the relation = | | EFFECT OF ABRASIVE SIZE —— 
highest peaks. Peak height is measured Kinetic E i tk atte P 3 airtime beorin 
by focusing on the tip of the peak and inetic Energy = 7/2 mv’ or /2 g° aie a 
then lowering the microscope tube by where m is the true mass of the particle, g covers IRON yg GRIT WITH FINES | N 

; : : . . . . - } —_- 
the fine adjustment until the microscope wy js the particle weight, g is the accele- z, a 
is focused on the bottom of the lowest ration due to gravity and v’ is the square 3 IE * tnon SHOT 
pits in the field of view. Measurement of the particle velocity. As an example ; 
is made by reading the microns of move- of the particle-impact energy, steel shot = et SAND AND SLAG 

. . . . s 

ment on the fine adjustment dial; this of size $230 has a maximum particle 2 |. 
is later converted to mils and recorded. size of about 0.030 inch. Such a particle 3 | 
Measurement is repeated three times and weighs approximately 3.910 pounds. % 20 40 60 800 1 
the average taken. If measurements are A typical particle velocity when propel- ' i aoe MAX —— SIZE, MILS foc 1 
made carefully, _consistent and repro- fed from a centrifugal blast cleaning igure 8—Anchor pattern height versus particle size. 7 
ducible results will be attained. wheel would be 200 feet per second. The 1 

Comparison of the results of the pre- resulting impact energy available in the occur. Rosenberg’ measuring the velocity 
ceding measurement methods with re- mene abrasive particle is easily calcu- of No. 50 iron grit in direct pressure an 
sults on plates blast cleaned in actual  |ated. blast cleaning, shows that 4.56 percent top B 
operations is indicated in Table 2. in abi 

3.9X 10° lbs , 
Abrasive Impact Impact energy = % ° 32.2 ft/sec’ (200 ft/sec)? = 0.0024 ft Ibs. 

The impact of the abrasive particles ; : ; ; : wi 
determines the anchor-pattern profile in The velocity of particles impelled by and 3.38 percent of the abrasive particles = 
blast cleaning. Impact energy depends centrifugal blast cleaning wheels is obtained speeds of 633 feet per second 
upon particle weight and its speed. Effec- greater than the rim speed of the wheel. and 554 feet per second, respectively, Spec 
tiveness of the impact in cleaning the [he particles theoretically have the same though the average particle velocity was 
surface, or in roughing it, depends upon velocity regardless of size or mass. In only 254 feet per second. Approximately 
the angle of contact, particle shape and nozzle blast cleaning, particles vary in 10 percent of the abrasive will do 4 
hardness and toughness of the particle speed depending upon size, density and times as much roughening of the anchor 
and surface. shape though all other conditions are pattern as the main body of the abrasive. — 

Because of the many unknowns in- fixed. For this reason, maximum particle sizes 
volved in blast cleaning such as the Since impact energy varies with the should be considered when anchor-pat- 
cushioning effect of rebounding abrasive, square of the velocity, doubling particle tern profile is studied. 
it is more practical to determine cleaning — velocity increases the energy four times. Because sand is widely used in blast — 
rates and anchor-pattern profiles under Consequently, if even a fraction of the cleaning, the effect of particle weight 
actual operating conditions rather than abrasive is propelled at increased speeds, and speed on the anchor pattern must 
attempting to theorize. increased roughening of the surface can be considered. Silica sand is about the 

TABLE ettnenssibentshetd Screen ‘Aachysis et Maximum Profile Height 
Maximum Height 
of Profile, Mils 
| Max —————- — ae 
| | Screen Analysis Wt. % on U.S. Screen No.* Particle Brush | Vertically 

Plate | |——— a peeenotnat me oa) es Pacer Size, Surface vy 

No. | Abrasive 12 16 18 25 30 40 50 80 100 | Pan Mils Analyzer Microscope 

D coisis:of MUO URAVET ANG. 6.40 4.5'610:55-5:5's -| 12.7 | 19.6 | 17.0} 24.3 | 15.8 SO) ses 6.6 53 1.8 2.8 Ss 

2.....| Medium Ottawa Silica Sand #27. 11.4 | 38.3 | 45.6 3.8 06] ... 0 34 1.2 2.5 ogi 

Suis vvn), SII, ca vexencss og oa (estimated at minus 80 mesh) nes See * goat ee 7 1.1 1.3 P 

4 | Fine Ottawa Silica Sand.. : Ma nets ep: 0.5 1.8 rl 14.2 | 46.5 | 33.2 2.6 0.7 22 1.3 1.9 

5 \ SO GE BS sac cnc asics vena 54 ea mere | : oo eee aes - is 55 

ie ART “ ; ‘ pci  eaesecaeia amie cel minis a Sa eee F 

6.....] Iron Grit G-50**.......... | ean) ae Pali epee 20 2.0 er: same 

Not | | | | : 
Painted | Iron Grit G-40**...... ; hare Sank 5 es Pesaushe ~ Sia er 28 hee 4.3 w or] 

7.....| Iron Grit 10% G-50 and finer. . 01] 03] 14.7 | 326] 354] 94] 7.5 20 1.2 3.4 whic 

8.....| Iron Grit 10% G-40 and finer......| .. |... | 0.5] 3.9] 17.3] 300] 319] 88] 7.4 283. | 12 3.2 wieie 
9.....| Iron Grit 10% G-25 and finer... .. z eax 4.4 4.2 | 18.1 | 28.9 | 30.6 7.8 5.7 38 | 1.3 3.6 ; al 
10.....| Iron Grit 10% G-16 and finer... . .| 11.8 | 128 | 7O°| ASS) Sse; Aes «.. 6.4 55 3.4 4.3 This 
11.....| Iron Shot $-230**............ is, ee 7 Poe Oe ee er ee a 31 . 7 locit 

12 | Iron Shot S-330**. .... Sees Lo WT Coa aaeer trees ent oe An encom oa Aron ts 40 1.6 | 3.3 210 

13.....| Iron Shot S-390**....... i 4 Sas su a sea shi pce 48 2.1 3.6 er 

14.....| Fine Ottawa Silica Sand (1-H) : BP yc Bi 0.2 2.2] 20.4 | 46.7 | 282] 1.9 0.2 22 1.5 2.0 pe 

15 | Very Fine Ottawa Silica Sand = es ; | ees paw A 15] 9.1 10.6 | 78.0 12 1.2 1.5 these 

16.....] Iron Grit G-14 and BNE ccausgsua| ee 0.6 | 4.0 3.6 | 13.7 | 24.6 | 28.9 16.8 06 3.3 4.2 : the 

17. Iron Grit G-50**.... ee eh | eae eee Fowl) Seton [Ps beall. vital rents 20 22 3.3 time 

18.....| Iron Grit G-40**. . . Seater | Me Beecetllt stecten th casetet | oeemes Ts eceeie | rete Meee sree es 28 1.7 3.6 Cai 

19.....| Iron Grit G-25**... re , «sata aM erste aes s ashe oh 38 2.8 4.0 

20.....| Iron Grit G-16... Be eS ER Ged eo dR Gh ee ey Se 3.7 8.0 of 1 
ee ee Leen eee eee z= max 

. The minus sign indic: ates all abrasive pz asses through screen. prof 
** Analyses were not run on following abrasives which meet classification of SAE as follows: clea 
side} 
Tolerances for Grit Numbers cush 
| 
| High Limit Screen Nominal Screen Low Limit Screen 

Plate No. Grit No. Grit Retained, % Max. | Screen No. | Grit Retained, % Min. | Screen No. Grit to Pass, % Max. | Screen No. Si 

6 and 17 G-50... 0 25 | 65 50 25 80 wert 

18 G-40.... 0 | 18 70 | 40 20 | 50 cove 

45 ae , | : 

19 =——«G-25...... Ue 8 a mill 

Tolerances for Shot Numbers | | nozz 
5 and 11 $-230.... 0 | 18 70 | 30 | 20 oe wit 
12 S-330. 0 16 75 20 | 15 | 30 for 
13 << oe 0 14 75 18 15 | 20 7 
7 w 

pee = ’ ra ts 
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TABLE 4—Blast Cleaning Rates 














Cleaning 
Time in 
Run Plate Sec. for Rate 
No. No. Abrasive 2 sq. ft. | sq. ft./min. 
1 7 eer CNN Oy soos ie'¥ 0% brace avn ctccrans@ens 87 1.38 
2 8 eM Ts os ccc vcdctteccaceenavcsauen 94 1.28 
3 9 ee Io fo.a.c via clones sed wbeeece nneees 115 1.04 
4 10 I sig car cdecvvcsencencsaceeees 134 0.90 
5 11 I ivi vin 4c ccnd pein eG Me eelgeneek ea 213* 0.57 
6 12 re ac 22, os heb oie eh Si Sutin Oe eS 168 0.72 
ie 13 ME etal ys werd wcicdidcwe we dk emia ae Seems 179 0.67 
8 14 I hee cco ae naKs ches tateeReen 56 2.15 
9 | 15 Sitiee CM VOTE PINE, «5c 5 isc os cs ocileecsas wae’ #* #* 
10 16 10% G-14 and finer... 103 1.17 
11 17 Me ONMEIENE Es Sc cic wcctnctsns 77 | 1.56 
12 18 05 a's sis 'arc. bona ah alata eae a dene 110 | 1.09 
13 19 II Hota San'e- 0! hci atc. ta areata o Gare ee eae 182 | 0.66 
14 20 ATER oo eek cree Saco ace eee eaes 250 0.48 


* Ran out of shot in test and was forced to interrupt work and reload. 
** Sand was so fine it pulverized and work could not be observed to determine when it was clean enough to 
top blasting. Results of other tests indicated fine sand cleans faster than medium or large sand, but how fine 
in abrasive can be used before trend reverses itself was not established. 


TABLE 5—Anchor Pattern Profile Height (hnax) and Resulting Paint Performance 











PINPOINT RUSTING ON PEAKS 






































Specimen Abrasive | hmax | 0.5 Years 1.0 Year 3+ Years 
20 G16 Crushed Iron Grit............. 8.0 Slight Severe Severe 
10 10% G16 Crushed Iron Grit & Finer. .| 4.3 Very, Very slight Considerable 
very slight 
16 G14 Crushed Iron Grit............. 4.2 Very slight | Slight Slight 
19 G25 Crushed Iron Grit............. 4.0 Slight Considerable Considerable 
13 $390 Malliable Iron Shot........... 3.6 None Considerable Slight 
6 G50 Crushed Iron Grit............. 3.6 Very, Slight Considerable 
very slight 
18 G40 Crushed Iron Grit............. 3.6 Very, Considerable Considerable 
very slight | 
9 10% G25 Crushed Iron Grit & Finer. .| 3.6 None None | Slight 
i 10% G50 Crushed Iron Grit & Finer. .| 3.4 None Slight Considerable 
17 G50 Crushed Iron Grit............. 3.3 None Slight | Considerable 
12 $330 Malliable Iron Shot........... 3.3 None Very slight | Slight 
8 10% G40 Crushed Iron Grit 3.2 None None | None 
11 $230 Crushed Iron Shot............ | 3.0 | None None None to slight 
5 $230 Crushed Iron Shot............ 3.0 None None None to slight 
microscopic 
1 Rasge Niner Semele s oo 6 celeste ines 2.8 None None | None to slight 
| _ microscopic 
2 #27 Medium Ottawa Silica Sand....} 2.5 None None | None to very 
slight micro- 
scopic 
14 1-H Fine Ottawa Silica Sand........ 2.0 None None None* 
4 Fine Ottawa Silica Sand............ 1.9 None Very slight | None* 
15 Very Fine Ottawa Silica Sand...... 1.5 None None None* 
3 eS Pe Perry Pere 1.3 None None None* 





* Pinpoint rusting where phenolic primer eroded. 


same shape as shot. In this experimental 
work, Pangborn 1-H silica sand was used, 
which is the same as American Foundry- 
man’s Association standard grade No. 27. 
This sand had an average particle ve- 
locity of 387 feet per sec’ compared to 
210 feet per sec for shot and 254 feet 
per sec for the preceding iron grit. Since 
these particles are about the same size, 
the sand will have approximately 11% 
times the impact energy because it has 
one-third the density and twice the speed 
of the iron shot. In experiments the 
maximum height of the anchor pattern 
profile is less for sand because of the 
cleavage of sand particles absorbing con- 
siderable impact energy and also due to 
cushioning of impact. 


Experimental Work 

Steel plates used in the following work 
were 14-inch-thick hot-rolled steel plates 
covered with almost completely intact 
millscale. They were blasted by direct 
nozzle blasting at 80 psig air pressure 
with a 5/16-inch-diameter blast nozzle 
for all specimens except Specimens 1 to 
7 which were done with a ¥-inch diame- 
ter blast nozzle. 








Salt-Spray Test of 
Painted Anchor Pattern 


In the preliminary test tabulated in 
Table 2, red lead phenolic paint (TT- 
P-86a, Type IV) was applied by spray. 
An attempt was made to measure the 
film thickness by using conventional in- 
struments, but film thickness is actually 
an intangible item on such surfaces. By 
careful work, the measured film thickness 
(by magnetic gage) was 2.5 mils and 2.5 
mils, respectively, on two sand _ blasted 
specimens and 2.0 mils and 2.5 mils 
respectively on two grit blasted speci- 
mens. 

All specimens were weighed before and 
after painting. The dried film thickness 
was calculated as 3.1 mils and 3.4 mils, 
respectively, for the two sand _ blasted 
specimens, and 3.7 and 4.7 mils for the 
two grit blasted specimens. A heavy 
coat of red lead phenolic paint was spray 
applied to all the specimens to cover 
as well as could be done. 

For the sand blasted specimens, no 
peaks were visible after painting, but 
hills and valleys were visible on the 
grit blasted specimens. From these re- 
sults, it is estimated that an equivalent 
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TOPCOATED WITH 0.4 MILS 
ALUMINUM ALKYD 7 
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q HOT ROLLED, LOW CARBON STEEL PLATE 


Figure 9—Method of painting test specimens. 
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Figure 10—Cleaning rate versus particle size. 


thickness of 0.75 mils is used to fill the 
sand blasted anchor pattern and that an 
equivalent thickness of 2.0 mils is used 
to fill the rougher grit blasted patterns. 


Cleaning Rates 

An attempt was made to produce a 
synthetic grit-size distribution that would 
correspond to the distribution in plant 
practice. This distribution is caused by 
attrition of the abrasive and make-up 
with a larger size. 

In these tests, a pulverized G-50 abra- 
sive, which had been used _ previously, 
was the basis for the finer abrasive. A 
mixture was made with 10 percent new 
G-50 and 90 percent finer. After this 
mixture was used once, a new mixture 
was made with 10 percent new G-40 and 
90 percent G-50 and finer. In this way, 
abrasives were selected which would cor- 
respond to actual plant operations where 
G-14, G-16, G-25, G-40 and G-50 abra- 
sives are used. Analysis of the mixed 
grits is given in Table 3. “G” refers to 
crushed iron grit and “S” to malleable 
iron shot. 

Cleaning rates given in Table 4 were 
measured on 12-inch by 24-inch by %4- 
inch hot-rolled plates with almost intact 
millscale when direct air pressure blasted 
using a 5/16-inch nozzle and 80 psig air 
pressure on the tank. 


Particle Size vs Maximum Height 


The average maximum height of pro- 
file increased with increasing average 
particle diameter for a given type and 
density of particle. For crushed cast iron 
grit, shot and light abrasives (such as 
sand and crushed slag) there is a sepa- 
rate relationship between profile depth 
and average particle size or maximum 
particle size: crushed grit cuts the deep- 
est profile, shot is next and the smallest 
profile is cut by light abrasives. Test 
results on 21 specimens are tabulated in 
Table 3 and shown graphically in Figure 
8. Some of these results have been pub- 
lished by Liebman’ and Bigos’. Plates 6 
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by 6-inch by 4-inch were blast cleaned 
to determine profile heights at the same 
time that 12 by 24-inch specimens were 
blast cleaned. The 12- by 24-inch speci- 
mens were painted; the 6-inch specimens 
were not painted and were used for 
physical measurements and zeroing of 
magnetic paint film thickness gages. 


Paint Performance vs Anchor Pattern 


The main evaluation of paint perform- 
ance as a function of anchor pattern con- 
sisted of painting large specimens and 
exposing them in an industrial atmos- 
phere. Figure 9 shows the method of 
painting the blast cleaned 12 by 24-inch 
specimens. 

Four primers were used: red _ lead 
vinyl per U. S. Bureau Ships Formula 
119; red lead and linseed oil per TT-P- 
86a, Type I; red lead, iron oxide, lin- 
seed oil and alkyd, per TT-P-86a, Type 
II; and extended red lead phenolic paint 
per TT-P-86a, Type IV. Primers were 
applied by spray. After several days of 
drying, the top half of each specimen 
was brush painted with a thin coat of 
aluminum alkyd paint. 

The primers were applied in a manner 
to give a full wet coat over the anchor 
pattern. Dry film thickness was measured 
as well as possible with a magnetic film 
thickness gage after zeroing on the simi- 
lar unpainted 6 by 6-inch specimen. 
There was a significant effect of anchor 
pattern profile on the reading of the 
gages because of a variation in magnetic 
permeability caused by air gaps in the 
anchor pattern. The roughest anchor pat- 
terns, hmax == 8 mils, changed the zero 
point by +1.25 mils for one gage and 
by -+1.5 mils for another gage when the 
gages were zeroed on a smooth ground 
’%4-inch thick plate. Fine anchor patterns 
had a much smaller shift. 

Twenty specimens were painted, each 
with four primers for a total of 80 
primed areas. Of these, 59 had a meas- 
ured dry film thickness of 1.0 to 1.25 
mils; four had a film thickness of 0.9 
mils and one at 1.5 mils. The mean dry 
film thickness was 1.14 mils. The top- 
coats were uniform and had a mean 
value of 0.40 mils. All painted specimens 
were exposed to the South on the roof 
of Mellon Institute in the industrial 
atmosphere of Pittsburgh, Pa., on April 
2, 1952, at an angle from the horizontal 
of about 20 degrees. 

Paint test results are shown in Table 
5. The rust was difficult to find and re- 
quired microscopic examination and 
chemical tests to identify the rust desig- 


TABLE 6—Effect of Anchor Pattern Profile on Paint Performance 








RUSTING ON PEAKS 





Height of Anchor 
Pattern Profile, Mils 
OtoGn...... 
CP ay None to very, very slight 
3.3 ‘ None 
é None 
| None 


0 5. 
0 9. 
O 2. 


Six-Month Exposure 


Very, very slight to slight 


One-Year Exposure 


Slight to bad 

None to considerable 
None to slight 

None 

None 


Three-Year Exposure 


Slight to severe 
Slight to considerable 
None to considerable 
None to slight 

None 








nated as pinpoint rusting. Thus, even a 
rating of “considerable” indicates ex- 
tremely slight rusting. 


Discussion of Results 


The maximum particle sizes given in 
Table 3 are only approximations. They 
were determined by estimating the aver- 
age size of 10 percent of the largest par- 
ticles as well as could be done from 
screen analyses or tolerance limits. 
Crushed iron grit resulted in the highest 
anchor patterns because of its sharp 
edges and density. Peaks raised from the 
surface by flow of metal during the im- 
pact. Shot caused a round indentation in 
the surface and embeds some of the frac- 
tured millscale in the surface; this em- 
bedded millscale had no apparent effect 
on paint performance. 


Peaks formed around the edges of the 
craters and where two craters overlapped 
a small peak. Sand tended to leave most 
of the original steel surface —not the 
millscale — because it was a cutting ac- 
tion, but even sand creates some peaks 
due to the flow of steel. Of the abrasives 
tested, the large crushed iron abrasives 
were the worst for paint performance 
because needle-like peaks formed. 


A correlation of anchor pattern with 
cleaning rate for the different types of 
abrasives was observed. As shown in 
Figure 10, the particles resulting in the 
highest anchor pattern profile had the 
lowest cleaning rates. (Cleaning rate is 
a function of the average particle size, 
but maximum size was used for com- 
parison with profile.) Fine abrasives in- 
creased the cleaning rates drastically, 
but extremely fine abrasives cushioned 
the particles and cleaning rates fall off. 
In a commercial trial of small crushed 
iron abrasives, cleaning rates were tri- 
pled over those with the large G-16 
abrasive, but the small particles did not 
have sufficient impact to quickly remove 
weld flux slag. A compromise was 
reached by a mixture of G-25 abrasive 
with much finer material. 


will appear in the December, 1959 issue 


The exposure of the painted specimen: 
did not agree with expectations that 
anchor pattern profile would significantly 
affect paint performance. No rusting oc 
curred on the topcoated specimens even 
after three years’ exposure except for an 
occasional isolated peak on the highest 
anchor patterns. General condition of 
the areas painted with primer only was 
good. Red lead phenolic was the only 
primer showing breakdown; it had 
eroded away to the point where the films 
were quite thin. With the exception of 
the highest anchor pattern from straight 
G-16 grit, rust was difficult to detect 
(with the exception of the red lead phe- 
nolic). Even the red lead phenolic 
primer showed no rusting when it was 
topcoated. 


Conclusions 


The results of the atmospheric paint 
test are summarized in Table 6. With 
the exception of the 8-mil anchor pat- 
tern, all of these primed panels would 
have an ASTM D610-43 rust rating of 
greater than 9.5. Based upon this experi- 
mental work, anchor pattern profile be- 
low 4.0 mils in height has insignificant 
effect on paint performance in atmos- 
pheric exposure when as little as 1.5 
mils (dry) paint are applied. With the 
conventional thickness of maintenance 
paints, only the very roughest anchor 
patterns would cause failure. 


No evidence or justification was found 
for the rule that paint thickness should 
be three times the anchor pattern height. 
Instead, about one mil equivalent of dry 
film thickness should be allowed to fill 
normal anchor patterns over the thick- 
ness of paint known to give paint pro- 
tection desired on smooth steel. 
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Probability As Related to 
Stress Corrosion Cracking of Copper Alloys* 


Introduction 


‘NORROSION CAN be divided into 
}. two broad categories. i 
sion and localized corrosion. Uniform 
yrrosion is not generally a major prob- 
‘m to corrosion engineers, not because 
ii may not be severe, but because its 
verity is fairly predictable. The fact 
iat copper corrodes uniformly in ferric 
hloride solution does not mean that cop- 
;er may be used for handling the solu- 
on, but merely that the corrosion rate 
sufficiently predictable so that there 
no doubt that copper is too rapidly 
orroded. 

Localized corrosion is full of surprises, 
.sually unpleasant ones. The commonest 
forms of localized corrosion are pitting 
ond cracking. It is of little moment that 

large area of metal surface is essen- 
ially untouched by corrosion, if there is 
n that area a pit that perforates the 
netal. The total amount of corrosion 
nay be very small, but the piece has 
failed. Cracking may be even worse. 
The amount of corrosion may be im- 
measurably small, but failure occurs 
suddenly and catastrophically. Two types 
of corrosion cracking are corrosion fa- 
tigue and stress corrosion cracking. 


Stress Corrosion Cracking 


Stress corrosion cracking occurs in 
nearly all types of metals. It happens in 
steel and in stainless steel, in aluminum 
alloys, in. magnesium alloys, even in gold 
alloys. It occurs also in copper alloys. 
Perhaps the copper alloys have a worse 
reputation in this respect than the other 
metals, because the season cracking of 
brass had been observed before stainless 
steel was invented and when aluminum 
and magnesium were just squares on the 
periodic chart of the elements. The other 
metals have done a fairly creditable job 
of catching up with the copper alloys 
in this respect, however. 

A great deal is known about stress 
corrosion cracking and several excellent 
theories have been proposed to explain 
it. It is not considered to be entirely 
understood, however, and certainly the 
scientists have not stopped thinking 
about how and why it occurs. From the 
practical standpoint, stress corrosion 
cracking is very well understood. The 
methods of prevention are common 
knowledge. 

Obviously, stress corrosion cracking is 
the result of two simultaneously acting 
factors—stress and corrosion. To these 
might be added a third factor—time, 
for although stress corrosion cracking 
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usually becomes manifest as a sudden 
failure, this follows first an incubation 
period and then a period during which 
crack propagation takes place. Stress 
may be residual or applied. Residual 
stress is that stress that is left in the 
metal from prior cold work or deforma- 
tion of one sort or another. Applied 
stress is the stress resulting from and 
existing during the application of a load. 
Either type of stress may cause stress- 
corrosion cracking but only if the stress 
is tensile. Compressive stresses not only 
do not cause stress-corrosion cracking 
but surface compressive stresses tend to 
prevent it, even though tensile stresses 
exist in the body of the metal. 

The corrodents that cause stress cor- 
rosion cracking are of considerable in- 
terest. Each alloy system tends to be 
specific, to have only one corrodent that 
will crack it. The copper alloys are quite 
exclusive about this. Their Achilles heel 
is ammonia. Under some _ conditions, 
liquid metals also will crack the copper 
alloys, but the mechanism is different 
and the practical importance is different. 
It may be stated that ammonia is re- 
quired to cause the stress corrosion 
cracking of copper alloys, but if the 
statement is challenged it is necessary to 
hedge and to fall back on the generali- 
zation, “It is generally believed that 
ammonia is necessary for the stress cor- 
rosion cracking of copper alloys.” Ac- 
tually the matter cannot be easily proved. 
If, for instance, stress corrosion cracking 
should occur in an atmosphere high in 
carbon dioxide, it would be easy to 
assume that the carbon dioxide caused 
the cracking, but difficult to prove that 
this was so and that ammonia was in- 
deed absent from the atmosphere. 

The real reason for believing that am- 
monia is responsible is that ammonia 
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Abstract 


Factors determining the probability of 
stress corrosion cracking of copper alloys 
are concentration of ammonia present, 
concentration of water, concentration of 
air, stress level and susceptibility of par- 
ticular alloy to stress corrosion cracking. 
In case histories discussed the contribution 
of each of these factors is evaluated. Spe- 
cific cases considered include failure of 
red-brass pipe, cold-drawn copper water 
tubing, 70-30 cupro-nickel tubing, Admiralty 
and aluminum brass condenser tubes, and 
yellow brass screw shells. The relative resist- 
ance of 10 copper alloys to stress corrosion 
cracking is listed. The role of ammonia in 
causing stress corrosion cracking of copper 
alloys is considered in detail. 3.2.2 


causes cracking so rapidly. A test was 
conducted in which highly stressed brass 
parts were hung in covered containers. 
Each container had a quantity of water 
in the bottom. The water in each of 
four different containers was saturated 
with a different gas—carbon dioxide, 
sulfur dioxide, hydrogen sulfide, and 
ammonia. Within 16 hours the three 
specimens above the ammonia solution 
had cracked. At the end of nine months, 
one specimen that was: exposed above 
the hydrogen sulfide solution cracked. 
At the end of two years, no other speci- 
men had cracked. It may be that the 
hydrogen sulfide did cause stress cor- 
rosion cracking, or the atmosphere in 
the container may have been contami- 
nated with ammonia. In any event, am- 
monia caused cracking at least 400 times 
as fast as the other gases. 

Ammonia alone is not a sufficient cor- 
rodent. As in most other types of room- 
temperature corrosion, water and air are 
necessary ingredients. As far as copper 
alloys are concerned, cracking is more 
rapid in a gaseous environment—moist 
ammoniacal atmosphere. 

The conditions for the occurence of 
stress corrosion cracking of copper alloys 
have been described. The metal must be 
under a tensile stress. It must be in con- 
tact with a corrodent containing am- 
monia, moisture, and air. Sufficient time 
must be allowed for cracking to occur 
and the metal must be an alloy that is 
susceptible to stress corrosion cracking. 
The time may vary over many orders 
of magnitude. Cracking may occur in as 
little as five minutes or it may be de- 
layed for months, even for years. 


Applications of Probability 

Currently, nearly everything in science 
and engineering is expressed as a proba- 
bility. If an object is dropped, it will 
fall to the ground. It might be more 
correct to say that if something is 
dropped there is a high probability that 
it will fall to the ground. Probability 
has some usefulness in describing why 
cracking does or does not take place. 
If there is a probability of an event 
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Figure 1—Red-brass pipe. Note cracks in outer 
surface. 1.8X. 


Figure 2—Longitudinal section through intergranu- 
lar crack in red-brass pipe. 125X. 


occurring and another probability of 
another event occurring, the probability 
that both will occur is the product of 
the two probabilities. 

Here is a simple example from the 
field of engineering. A pressure vessel, 
in which there is a hand hole, is to be 
designed. The cover for this hole is to 
be secured with four bolts. The bolts 
are produced to a certain tensile strength, 
but to prove that any particular bolt 
meets the specification it is necessary 
to make a destructive test, and then the 
bolt is not available for use. Conse- 
quently, inspection is carried out by a 
sampling procedure, a certain propor- 
tion of the bolts is tested and there is a 
known probability that any particular 
bolt will have adequate tensile strength. 
If the probability is 0.99, then the prob- 
ability that any bolt will not meet the 
specification is 0.01 or 1 in 100. What 
then is the probability that two of the 
bolts, chosen at random, will not have 
the required strength? It is the product 
of the two probabilities or 1 in 10,000. 
For three bolts it is 1 in 1,000,000 and 
for four, one in 100,000,000. So it can 
be concluded that the probability that 
the hand-hole cover will blow off be- 
cause of failure of the four bolts is 1 
in 100,000,000. 

The probability of the occurrence of 
stress corrosion cracking may be simi- 
larly considered. The factors that favor 
stress corrosion cracking of copper alloys 
are, as has been said—ammonia, mois- 
ture, air, stress, and a susceptible alloy. 
If each of these is present to a high 
degree, which is equivalent to saying 
that its probability is high, then the 
probability of cracking will be high. This 
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Figure 3—Phosphorized copper tube. Cracks are 
shown in outer surface. 


can be expressed mathematically, as 
follows: 


= (NH,) (H,O) (Air) (S) (Alloy) 


T 
where 


(T) is the time before cracking occurs 


(NH, ) is ammonia concentration 


/ 


(H,O) is water concentration 
(Air) is air concentration 
(S) is stress level 


(Alloy) indicates an alloy that is sus- 
ceptible to stress corrosion cracking. 


These can be expressed as probabilities, 
(NH,) may be taken as the probability 
that a high concentration of ammonia 
exists. The formula may be written: 


P, = Pyus * Puzo * Pair * Ps * Pattoy 


where 


P, is the probability that cracking 
will occur. 


Failure of Red-Brass Pipe 


Here is an example of an unpredicted 
case of stress corrosion cracking. Red 
Brass 85-15 has good resistance to stress 
corrosion cracking. Accordingly, an- 
nealed red-brass pipe would not be ex- 
pected to stress corrosion crack in a 
plumbing installation. Air and moisture 
may be present, but not much ammonia. 
It was unusual, then, to receive a com- 
plaint of stress corrosion cracking of 
red-brass pipe. Examination revealed the 
following facts: 

1. The plumber had bent the pipe dur- 
ing installation and this had produced 
residual stresses. 

2.The pipe had been lagged with 
animal hair felt and had been installed 
in the crawl space beneath a summer 
cottage. The nitrogenous material in 
the felt decomposed to form ammonia. 

3. No adequate vapor barrier had been 
provided either next to the pipe or out- 
side the lagging. 

With enough ammonia, moisture, air, 
and stress to increase the probability of 
cracking, the low probability due to 
the nature of the alloy was overcome 
and failure occurred. Figure 1 shows 
the outer surface of the cracked tube 
while Figure 2 shows a magnified longi- 


Figure 4—Longitudinal section one crack in 
phosphorized copper tube. 100X. 


tudinal section. Note the intergranular 
path of the crack. 


Failure of Copper Water Tubing 


Another case was even more unusual 
although it was quite similar. Phosphor- 
ized copper has excellent resistance to 
stress corrosion cracking. Cold-drawn 
copper water tube is a standard brass 
mill product. The resistance of the alloy 
to stress corrosion cracking is so good 
that no concern is felt about the internal 
stress that results from cold drawing. 
Indeed the stress is not likely to be high 
because of the mechanical properties of 
the metal. 

The tube in question was installed in 
a tunnel. It was lagged with animal 
hair felt. There was an adequate vapor 
barrier outside the felt lagging. All the 
probabilities, except stress, were low. 
But in some way that has never been 
explained, part of the lagging got wet. 
Perhaps it occurred during installation. 
In any event, decomposition of the nitro- 
genous material in the felt formed am- 
monia, enough to create a strong odor. 
The probabilities were all changed— 
ammonia, moisture, air, stress—every- 
thing but the susceptibility of the alloy 
now favored stress corrosion cracking and 
they prevailed over the resistance of the 
alloy. Figure 3 shows the cracked tube; 
Figure 4 is a longitudinal section through 
a crack. The deductions concerning the 
reasons for the failure of this tube are 
substantiated by the fact that only where 
the lagging was wet did cracking occur. 
Elsewhere the tube was found to be 
bright and clean when the covering was 
removed. These two examples point to 
the necessity for expecting the unex- 
pected when designing to avoid stress 
corrosion cracking. 


Failure of 70-30 Cupro Nickel 


Here is an example of a different 
type. Cupro nickel-30 per cent has ex- 
cellent resistance to stress corrosion 
cracking. From experience with service 
failures, it can almost be said to be 
immune to stress corrosion cracking. For 
some laboratory tests, a 70-30 cupro- 
nickel tube was severely sunk (i.e., drawn 
without a plug). This treatment causes 
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extremely high tensile stresses in the 
outside surface. Several feet of this tube 
was stored in a cupboard in the labora- 
tory. After a relatively short time (nine 
months) the tube was found to be 
cracked from end to end. All the proba- 
bilities favoring stress corrosion crack- 
ing, except two, were low. The tube was 
vominally dry. There was doubtless some 
ammonia in the laboratory atmosphere, 
Lut it was never extremely great. In fact 
during an appreciable part of the storage 
period the plant was closed by a strike 
and the laboratory was not in use. 


The only logical conclusion is that in 
this tube the stress was so excessively 
ligh that this offset the lack of corrod- 
cat and the excellent: resistance of the 
ibe to cracking. Again it can be con- 
dered that the probability of failure 
as the product of the several probabili- 
ies associated with the factors that ac- 
slerate cracking. Figure 5 is a cross- 
‘ction through a crack in the tube. 


Condenser Tubes 

Although it is practically impossible 
o write down numbers that represent 
he probabilities, the idea of probability 
s frequently inherent in the selection of 
in alloy for a specific purpose. Con- 
denser tubes, those used in conventional 
shell-and-tube condensers such as in 
steam stations, do not frequently fail 
by stress corrosion cracking. The few 
failures represent an extremely small 
percentage of the great number of tubes 
in service, 


Two of the common condenser tube 
alloys, Admiralty and aluminum brass, 
have poor resistance to stress corrosion 
cracking. They are constantly wet by 
condensing steam. Because of the use 
of ammonia or amines, added to boiler 
feed water to reduce ferrous metal cor- 
rosion, the ammonia concentration may 
be appreciable. Of the five factors, three 
are high. Stress is designed to be low. 
Annealed tubes are used, but installa- 
tion and service stresses may be greater 
than are anticipated. There may be vi- 
bration that causes cyclic bending stresses 
resulting in stress corrosion-fatigue crack- 
ing. Stresses may be set up by the 
rolling-in of the tubes. Sometimes the 
rolling in of tubes is extended beyond 
the inner edge of the tube sheet resulting 
in a bulge that has internal stress. Ac- 
cidental denting or bending of tubes dur- 
ing handling may also produce stresses. 


The fifth factor is air and this may be 
virtually absent in much of the con- 
denser. The fact that absence of air is 
a usual deterrent to stress corrosion 
cracking in condensers and heat ex- 
changers has been demonstrated by serv- 
ice failures. An oil refinery was closed 
by a strike. One of the heat exchangers 
was drained and stood empty for some 
time. At the end of the strike it was 
found that tubes had failed by stress 
corrosion cracking, not just a few but a 
substantial porportion of them. In an- 
other case, tube bundles were removed 
from heat exchangers and stored out- 
doors. Corrosion products on the out- 
sides of the tubes contained ammonium 
salts; the air was humid. Stress corrosion 


cracking of a large number of tubes en- 
sued. It was found, however, that if the 
tubes were cleaned of corrosion products 
immediately after removal from the heat 
exchanger they did not crack under the 
same conditions. In service, the tubes 
did not crack because of the absence of 
air; in outdoor storage they did not 
crack if ammonia were substantially ab- 
sent. One low probability was exchanged 
for another. 

A leaking condenser tube can be seri- 
ous. It will allow cooling water, which 
may be sea water, to get into the con- 
densate, which will become boiler feed. 
Sea water is not a welcome constituent 
in boiler water. The condenser then has 
to be taken off the line, emptied, opened, 
the leaking tube found and plugged. It 
would seem, then, that every effort 
would be taken to avoid the possibility 
of stress corrosion cracking of condenser 
tubes. One very effective method would 
be the use of 70-30 cupro-nickel tubes. 
Here is where the probability comes in. 
The probability of cracking failure, with 
Admiralty or aluminum brass, is so low 
that the cost of cupro-nickel tubes is not 
justified. 


Screw Shell Failure 


Another example that shows the prob- 
ability nature of stress corrosion crack- 
ing occurred in a plant that made screw 
shells such as form the bases of electric 
lamps or are used in plug fuses. After 
forming, these shells have enormous in- 
ternal stresses and they are made of 
yellow brass, an alloy highly susceptible 
to stress corrosion cracking. As soon as 
the shells are formed, they are relief 
annealed to rid them of the internal 
stresses and thus to improve their resist- 
ance to stress corrosion cracking in serv- 
ice. In this particular plant the annealing 
furnace was in a separate building from 
the presses. The shells had to be trucked 
from one building, outdoors, and into 
the other. Shells produced Friday after- 
noon were trucked to the furnace room 
where they were stored until Monday 
morning before being annealed. Nor- 
mally no ill effects were experienced 
from this procedure, but one Monday 
morning it was found that thousands of 
shells had cracked. Not all the shells 
cracked, but a great many did. Three 
of the factors were highly probable— 
stress, air, and susceptible alloy. Proba- 
bly failure resulted because either in 
transit from the presses to the furnace 
room, or in storage during the week end, 
the shells were subject to a temperature 
change and cool shells came in contact 
with warm moist air, condensation of 
moisture occurred. With all the other 
probabilities high, not much ammonia 
was needed to cause cracking. 

In some applications a stress corrosion 
cracking failure may result in the loss 
of human life. It is then imperative that 
every effort be made to avoid cracking. 
A case that fortunately did not result 
in tragedy, will serve as an example. 
This was a track for a painter’s trolley 
on a concrete chimney. The track was 
installed at the top of the chimney and 
was designed to support a bosun’s chair 
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Figure 5—Cross section through crack in cupro 
nickel-30 percent tube. 50X. 





Figure 6—Naval brass painters’ trolley. 4X. 


so that it could be moved around the 
chimney easily. Naval brass was used 
for the track. This material has poor 
resistance to stress corrosion cracking. 
Fortunately, cracks in the track were dis- 
covered before it was used. A view of 
the track is shown in Figure 6. 


Effect of Annealing 


An effort has been made to indicate 
how to predict the probability of stress 
corrosion cracking of copper alloys in 
designing or to explain stress corrosion 
cracking that has occurred in service. 
Mention should be made of which of the 
factors can be modified most readily to 
reduce the probability of stress corrosion 
cracking. Most frequently the effort is 
to reduce residual stress to a safe level, 
by annealing or relief annealing. 


Annealing here refers to an anneal at 
a sufficiently high temperature to recrys- 
tallize the metal. Relief annealing is 
carried out at such a temperature that 
residual stresses will be relieved, but 
the metal will not recrystallize and 
will not be softened. To achieve both 
these objectives, relief of stress and re- 
tention of hardness, requires precise tem- 
perature control. The correct tempera- 
ture is different for each case and de- 
pends on the alloy, the degree of cold 
work, and the dimensions of the piece. 
For yellow brass it is in the neighbor- 
hood of 300 C (572 F). 


In many instances, such as the lamp 
bases mentioned earlier, relief annealing 
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is performed. In some applications an 
occasional failure is of no importance. 
If a lamp base should crack once in 
a while, no great economic loss is suf- 
fered. It is not worthwhile to use an 
expensive alloy to avoid an occasional 
failure but it is worthwhile to anneal 
the bases in order to avoid a great many 
failures. 


There are some things that cannot 
be relief annealed. The brass bases of 
shot-gun shells are crimped to the card- 
board cylinders. Stress results from this 
operation but the metal cannot be relief 
annealed without scorching the card- 
board. Ammonia may result from the 
decomposition of smokeless powder in 
the shell. In the past, a few stress cor- 
rosion cracking failures occurred upon 
firing. Considerable research was done 
on how to reduce this probability at 
minimum cost. A change of alloy was 
too expensive. Waxing or lacquering 
were found to be effective but they also 
added to the cost of the shells. The 


problem was satisfactorily solved by care- 
ful control of ready-to-finish annealing 
temperature to achieve a fine uniform 
grain size and modifying the die design 
so as to stress the metal as uniformly 


as possible. 


Resistance of Alloy 

The next most common method of 
avoiding stress corrosion cracking is by 
the choice of a resistant alloy. The dif- 
fering resistance of the several copper 
alloys to stress corrosion cracking has 
been mentioned. They may be roughly 
classified as follows: 

1. Low resistance 

a. Brass containing over 20 per cent 
zinc. 

b. Brass containing over 20 per cent 
zinc and small amounts of lead, 
tin, or aluminum such as leaded 
high brass, naval brass, Admiralty, 
and aluminum brass. 

. Intermediate resistance 

a. Brasses containing less than 20 
per cent zinc, such as red brass, 
commercial bronze, and gilding. 

b. Aluminum bronze 

c. Nickel silver 

d. Phosphor bronze 

. High resistance 

a. Silicon bronze 

b. Phosphorized copper 

. Very high resistance 

a. Cupro nickel 

b. Tough-pitch copper 


Any discussion of this article not published above 


will appear in the December, 1959 issue 


Vol. 135 


Endeavoring to keep the corrodents, 
air, moisture, and ammonia from the 
metal is the least successful way of 
avoiding stress corrosion cracking. Am- 
monia is the sneaky member of this 
trio. Frequently, in studying the cause of 
a failure, a vain search is made for the 
source of ammonia that has caused stress 
corrosion cracking, or the statemen 
made that ammonia was not responsibl: 
for cracking because no ammonia wa 
present. It now seems obvious that n 
atmosphere is free of ammonia unles: 
it is deliberately made so under labora 
tory conditions. Not only does. stres: 
corrosion cracking occur both indoor: 
and outdoors in industrial environment 
but also in rural and marine atmos. 
pheres. Most surprising is that it occurs 
in homes, not only in kitchens and 
bathrooms where the humidity is high 
and ammonia is still occasionally used 
for cleaning, but also in living rooms. 

Stress corrosion cracking of copper 
alloys is not of major importance in the 
sense that it causes great economic loss. 
The practical aspects of the subject are 
too well understood for that. It is an 
interesting subject for study, first because 
of the dramatic nature of the failures 
and second because the complete under- 
standing of the mechanism is so elusive. 
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Introduction 


(YTRESS CORROSION cracking is a 
5) brittle (non-yielding) metals failure 
;1echanism in which cracks rapidly prop- 
gate to complete failure under the 
‘ombined influence of stress and corro- 
ion. 

Since macroscale yielding of the metal 
; not essential to this mechanism, fail- 
res frequently are experienced where 
he metal member is under average loads 
vell below the yield strength of the 
netal. The phenomenon is restricted to 


specific metal environment combinations.’ - 


Prevention of such failures demands 
hat one or more of the following ap- 
proaches be used: 


1. Selection of a material not suscep- 
tible to the problem in the corroding en- 
vironment. 


2. Use of susceptible materials below 
strength (hardness) levels and below ap- 
plied stresses at which cracking can 
occur. 


3. Change of environment. 


Solution of the problem for oil pro- 
duction tubing by the first and third 
approaches is partially eliminated. In 
production environments containing hy- 
drogen sulfide, all types of steels tested to 
date are susceptible to cracking. 

The environment is the produced fluids 
over which there is no compositional con- 
trol. One approach to the problem could 
be changing the environment with corro- 
sion inhibitors. This approach has been 
poorly investigated and is not attractive 
from theoretical considerations. 


The second approach then seems most 
likely to provide useful information. 
First, the environmental condition must 
be determined which causes the cracking 
problem. Then, to get the most service 
from the materials available, hardness 
and applied stress limits for cracking 
need to be established. Thirdly, the ma- 
terials that can be used should be studied 
with compositional and heat treatment 
variations to determine the optimum for 
best performance. 

Previous investigations have shown 
that hydrogen sulfide is the significant 
environmental constituent causing sulfide 
corrosion cracking. Hardness-applied 
stress limits for sulfide cracking for the 
variety of available API and non-API 
tubular goods have been determined only 
partially. Limited work has been done to 
evaluate new compositional heat-treat- 
ment combinations. This article reports 


% Submitted for publication January 8, 1959. A 
paper senenael at a meeting of the 15th An- 
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Stress Corrosion Cracking of Oil Country Tubular Goods* 


By R. L. McGLASSON and W. D. GREATHOUSE 





Abstract 


Stress corrosion cracking as encountered in 
oil production is discussed as two prob- 
lems: sulfide corrosion cracking and sweet 
corrosion cracking. Brief review of the 
literature is included. 

A new test method is given which uses 
a notched ring loaded to different percent- 
ages of yield deformation. Also includes 
simple polished beam specimen test meth- 
ods. Tabular data is given on hardness, 
applied stress and time-to-failure obtained 
in a saturated H2S-brine system using J-55 
and N-80 steels. Concludes that any steel 
will suffer sulfide corrosion cracking above 
~— hardness limits and that these limits 

epend on applied stress. 

ests to reproduce failures in sweet sys- 
tems are reported. Conclusion is drawn 
that sweet cracking failures are sulfide 
cracking at low H:2S concentrations and 
that time-to-failure is an inverse function 
of the H2S concentration. 3.2.2 


studies directed toward further informa- 
tion on these two points. 

The sweet corrosion cracking problem 
is still in the stage of determining the 
significant components of the environ- 
ments that are causing the cracking. 
None of the sweet environments (NaCl, 
CO,, acetic acid, thread compounds, etc.) 
studied in the laboratory have produced 
these failures. Studies reported were di- 
rected toward determining if sulfide is 
found in these sweet systems and what 
limiting quantities of sulfide are neces- 
sary to cause cracking. 


Test Methods Used 
Polished Beam Specimens 


In tests performed by Fraser and Tres- 
eder, polished beam specimens were 
stressed to a calculated 120,000 psi max- 
imum fiber stress which was above the 
yield stress of the material.* In another 
series of tests, polished beams containing 
holes as stress raisers were loaded to dif- 
ferent strains and the strain for 50 per- 
cent failure noted. These strains often 
were above the yield strain of the ma- 
terial.’ Statistical methods must be used 
to evaluate the results with this latter 
test. Use of this test on large numbers of 
steel samples have established relative 
cracking susceptibility data for different 
materials.” This data, as published, can- 
not be used to establish hardness-applied 
stress limits for failure. 

Application of statistical analysis to 
the effects of different variables on crack- 
ing susceptibility of low chemistry steels 
has indicated directions in which further 
studies should be made. Table 1 lists some 
of these variables and their effect on sus- 
ceptibility. Quenched and tempered low 
chemistry steels appear superior to nor- 
malized high chemistry steels. 

Studies made by Vollmer and co- 
workers established some applied stress 
data for cracking. Simple polished beam 
specimens with a cold-worked pre-stress 
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and a sub-yield applied load were used 
to demonstrate that with a given amount 
of pre-stress there are minimum applied 
stress limits below which failures will not 
occur. 

The polished beam test has given con- 
siderable useful information and is satis- 
factory for evaluating relative cracking 
susceptibility of materials, particularly if 
stress raisers are incorporated. This test 
has some objectionable features which 
make its use for determining hardness- 
applied stress limits difficult, if not im- 
possible. 


Notched Ring Specimens 

The stress corrosion cracking specimen 
used in most of the studies reported in 
this article was a notched ring shown in 
Figure 1. The specimen was made of the 
material and in the heat-treatment con- 
dition to be studied. 

Stress was applied to the ring by tight- 
ening the bolt. Bolt ends were fitted with 
rubber O-rings. Amount of stress applied 
was determined by deformation meas- 
urements made at the gap to 0.01-inch 
accuracy. The applied deformation was 
related to the yield strength by use of a 
modified Phillips C-ring test made on the 
same material.* 

For a given test, cracking rings were 
loaded to different percentages of the 
yield point on the C-ring load-strain 
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1° BOLT FOR STRESB APPLICATION 


7, 


45° NOTCH 


0.010" RADIUS 


*o 1S AMOUNT OF DEFORMATION APPLIED 
TO SPECIMEN 


Figure 1—Notched rings used in studies of stress 

corrosion cracking. This specimen has shown that 

cracking failures do occur at below yield loads when 
notches are present. 





CHARGED SPECIMEN 
BROKE Hi 


271000 PS! 


TRUE STRESSc 





0.04 0.06 008 
TRUE STRAINC-In +) 


Figure 3—Initial portion of true stress—true strain 

curve for A1S14340 specimens charged with hydrogen 

and uncharged with hydrogen. Artificial cathodic 
charging was used.” 


curve. The point of linearity departure 
on this curve is taken as the yield point. 
The strain portion of the curve is magni- 
fied 10 times. 

For the tests reported here, rings 
were deformed to 100 percent, 80 per- 
cent, 60 percent, 40 percent, 20 percent, 
and 10 percent of the yield deformation 
for any given test. Rings deformed to the 
20 and 10 percent levels did not fail in 
a one-year test; consequently usefulness 
of these low load tests was questionable. 

This test method was designed for the 
following functions: (1) Provide notch 
effects in test evaluations. (2) Give more 
reproducible hardness-applied stress_re- 
sults. (3) Provide reproducible sub-yield 
stress failure data without introducing 
macroscale cold-working prestresses or 
test loads. 

As a test of reproducibility, four rings 
of N-80 material, oil quenched and tem- 
pered to a hardness of RC 33 to 35, were 
stressed to the six percentage levels given 
above. The rings then were immersed in 
a 5 percent NaCl solution continuously 
saturated with H2S. The 5 percent NaCl 
was swept of air with H2S for 24 hours 
before the test was started. Iodimetric 
titration at the end of the test showed 
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DEFORMATION (PERCENT OF YIELO DEFORMATION) 


e INDIVIDUAL DATA POINTS 
we BEST CURVE 


ZZ DATA SCATTER BAND 





10 100 


TIME TO FAILURE ( HOURS) 


Figure 2—Time-to-failure data obtained on N-80 material, oil quenched and tempered to approximately 
Rockwell C 33-35 hardness, deformed to different percentages of the C-ring yield deformation and exposed to 
H2S saturated (3000 ppm) 5 percent NaCl. 


TABLE 1—Effects of Variables on Sulfide 
Cracking Susceptibility of Nonalloy or Low 
Alloy Steels 


Effect on 
Cracking 
Property 


Decreases 

Increases* 
Increases* 
Decreases 

Increases* 
Increases* 
Increases* 


eee 
Manganese Content 
Molybdenum Content 
Chromium Content 

Nickel Content 

Yield Strength 
Hardness....... 


* An increase of the variable increases, the ease 
with which cracking is produced and vice versa. 


that 3000 ppm of H:S was maintained 
in solution. Deformation versus time-to- 
failure data are shown in Figure 2. 

Lowest level for failure was 40 percent 
of yield deformation. There was a scatter 
of times-to-failure at each stress level, 
but significant differences were obtained. 
There was only one out-of-order failure 
time (failure of ring at high stress in less 
time than one at low stress) for the 16 
rings which failed. None of the eight rings 
loaded to 20 percent or 10 percent de- 
formations failed. Some of the scatter 
which did occur was caused by hardness 
variations. 

The notched ring test gives more re- 
producible results than the simple _pol- 
ished beam type test and made possible 
fairly good time-to-failure studies. It is 
useful as a test for below yield stress 
evaluations of hardness-applied stress 
limits. 

The test’s good reproducibility prob- 
ably results from the localized high stress 
region. Surface notches in the metal such 
as large inclusions do not exert the scat- 
tering effect they would have on a 
smooth specimen. The notch concen- 
trates stresses so that other effects are 
insignificant. The specimen always fails 
at this point where a_ reasonably re- 
producible measured stress exists. 

With the polished beam specimen, 
there is a low stress gradient in the re- 


Susceptibility 


gion of maximum stress. Small stress 
concentrations in the metal surface have 
a more exaggerated effect in displacing 
the failure away from the point of meas- 
ured maximum stress. As a result, sub- 
stantial scatter in times-to-failure for 
given applied stresses occurs. 
Investigations using the simple polished 
beam specimen have given erratic results 
with below yield stress applications with- 
out previously cold working the speci- 
men. Sometimes such specimens will fail 
but frequently they will not fail. This 
indicates that sulfide corrosion cracking 
demands at least microscale yielding. 
With beam specimens pre-stressed or 
loaded above the yield stress, all por- 
tions of the specimen have been cold 
worked and are susceptible to cracking. 
When less than yield loads are applied 
to such specimens, cold work occurs only 
at microscale regions where microstruc- 
tural features of the specimen (inclusions, 
etc.) provide sufficient stress concentra- 
tion to induce yielding at these places. 
The notch used in this specimen does 
not exactly represent the different notches 
found in tubular goods. The notch does, 
however, provide a reproducible crack- 
ing susceptible region for a wide range 
of applied loads (40 to 100 percent of 
yield load). In this sense, it produces 
regions comparable to a wide range of 
notch depths and root radii. For this 
reason, data obtained probably does have 
direct engineering applicatibility. 


Sulfide Corrosion Cracking 
Conditions for Occurrence 


The term sulfide corrosion cracking is 
used to describe stress corrosion cracking 
of steel in sulfide environments. There 
has been no complete agreement among 
investigators whether it is a true stress 
corrosion cracking phenomenon or 
strictly a hydrogen effect 

The most comprehensive studies of 
this problem have been made in oil pro- 
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corrosion product of steel in aqueous 
H:S environments is FesSs, Kansite, and 
that this product has some catalytic ef- 
fects on the corrosion rate subsequent to 
its development into a scale. Kansite also 
may be catalyzing the H®° build-up at the 
metal surface and in this way causing 
hydrogen embrittlement. 


More Studies Needed 


Work on the sulfide corrosion crack- 
ing problem is needed in the following 
directions: 

(a) Development of a test method 

HARDNESS BELOW WHICH NO FAILURES HAVE OCCURRED AT ANY APPLIED STRESS which gives greater reproducibility, In- 
cludes measured notch effect and permits 
testing without macroscale cold work of 
20 nc 8 the specimen. 


Re 2s (b) Accumulation of more data on the 
hardness-applied stress minimums for 
cracking of different materials with 
notched specimens. 

(c) Establishment of hardness-applied 
stress minimums for quenched and tem- 
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igure 4—Hardness vs time-to-failure data obtained in tests of heat treated J-55 and N-80 in 5 percent 
{aCl saturated (3000 ppm) with H2S. Insufficient data to cover entire hardness range. Data illustrates 
that limiting hardness level depends on applied stress. 
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nately . . ‘ ° 
sed to luction.”*°°* Sulfide cracking was first Other investigations of these phenomena (d) Evaluation of corrosion control 
‘ncountered in 9 percent nickel steel have shown that cracking time is re- methods (inhibitors and cathodic pro- 
‘elected for tubing in a well containing lated directly to the time required for tection) to determine their effects on 
arge quantities of sulfide.’ hydrogen level in steel to grow to a hydrogen embrittlement and stress cor- 
stress Cracking has been found to occur in maximum.’ These studies and others have TOS!On aspects of the problem. 
have any electrolyte containing H:S. Table 2 shown that, without this hydrogen (e) Determination of the role of 
icing vives a list of steels, heat treatments, pick-up, some steels cannot be caused to FeoSs in the embrittlement phenomenon. 
Ss : O} 7 
heas- hardnesses and stresses reported to result crack. Vollmer* and others’ have shown , 
sub- in cracking in sulfide environments.2*** that hydrogen charging reduces the fail- Cracking Tests Conducted 
for Under some conditions of hardness and ure strength of low and high alloy steels Tests were conducted to establish the 
applied stress, these materials suffer sul- (see Figure 3). hardness-applied stress limits for two 
shed fide corrosion cracking. The data is in- On the other hand, Fraser and Tres- API steels (N-80% and J-55®). Material 
‘sults complete in establishing hardness-applied eder have shown on beam specimens cov- for the test rings was normalized and 
vith- stress minimums for these materials. ered with plastic In the high stressed re- tempered to 10 hardness levels and oil 
peci- gion that failure occurred in lower stress quenched and tempered to 3 hardness 
fail Role of Hydrogen Embrittlement regions exposed to corrosive fluids. These ———— 
This Hyde . ; : data seem to prove that hydrogen em-  @ N.-80-1 ition: 0.46 C, 0.020 P. 0.036 S 
ydrogen embrittlement plays an im- : : Sr e ; composition: V.40 U, U.Ud2U F, U. , 
king : 8 uggs lfid ee . brittlement is definitely necessary for 1.00 MN, 0.20 Mo. N-80-2 composition: 0.47 C, 
ling eT a. eae failure but that the cracking is actually COEFF, REE ee Se eens Soe ee 
ing. cracking problem. One investigator used an : es i“ ; e a een, © J-55 composition: 0.45 C, 0.022 P, 0.025 S, 
| or artificially induced hydrogen embrittle- "hn hedee ress Siete ii 0.70 MN, < 0.10 Mo. 
por- ment by cathodic charging in 5 percent . si ee ee re 
cold 1LOCh. with arsenic” Bis Gate were tees: showed that retained martensite in TABLE 3—Minimum Hardness in Tubing 
cing. dk ede ike ie Bes. steel tends to aggravate hydrogen’s em- Steel At Which Cracking Occurred* 
ik corrosion cracking studies in a_ sense. aeeaa o ; Se eee 
lied The d Per : 2 cet brittling effect and consequently reduces 
only € data probably represented cracking steel’s cracking resistance. Tempering to ital | Minimum Hardnevs 
ruc- susceptibility limits of various steels at eliminate retained martensite has re- Stee See 
ions, extreme stress conditions. These data are duced susceptibility. N80. Sika) 7 
1tra- given in Table 3. Another related study” showed that the eee oo) 2 
eR EE EE OA Reese reer 
does TABLE 2—Steel Alloys, Heat Treatments, Hardness and Stresses Resulting in Sulfide eee es 
ches Cracking* Joel 
loes, = a a ee — - : ; 
L | _ .* U-bend test specimens were exposed to arti- 
acK~ | Minimum | Minimum ficial hydrogen embrittlement tests. Cathodic charg- 
inge Hardness Applied ing in 5% H2SO. containing 20 mg/liter of arsenic as 
t a Steel Heat Treatment (RC) Stress poisoner at 2 amps/IN? for 105 min?. 
uces API J-55". Bee seer cenng ee risins ees Quenched and Tempered... .. seca 304 80,000* TABLE 4—Sulfide Corrosion Cracking Pro- 
e of “Tee ant utt eT cds i Shahas eck | 24 | 64,000» duced in Notched Specimens Loaded Below 
this NOSiiglizeths .6.0soics sees ose es 21 120,000¢ the Yield Point 
cnwe Quenched and Tempered 284 120,000¢ =— 
Oe Fe ov as che dncsaes .| Normalized and Tempered............. 24 80,000> Hard- 
— — | —_— we | ness Times to 
OF Ne) SlR el a ooo kcesiele oe eae’ Normalized and Tempered Steel........ 24 | 60,000» Material (RC) Failure* 
B75 COMO GREEN 5 o. ee os caeonen sa Normalized and Tempered............. 304 120,000¢ 9% Chrome......... 33 Within 6 months 
cs | —_——___--——|—— a Be Ey a 8 bec a res 30 Within 6 months 
Co Ey a a re Normalized and Tempered............ 254 120,000» PG asececccsades 41 2 min.—41 min. 
i dal - - a a becseetectemees MEMES ox cn sche cabs 29 | 14 hours—40 hours 
g i Austenitic Stainless Steel..........| Fully Hardened................0-05- 444 | 54,000» Wels. eas ceed we 26 Less than 18 hours 
cing —_—_ $$ | ———_—_—_ ——}— —_————__——-__ N-80............... | 35 2 hours—20 hours 
ies Martensitic Stainless Steel.........| 254 | 100,000» Martensitic Stainless. 18 Less than 24 hours 
meas a | Se AGI tate ; 9% Chrome......... 37 Less than 12 hours 
ong =a —— = 
a s * Steels were stressed above the yield stress (cold worked) either before or during test. 2 3. 5. 6. _ : 
ress ® Not normal J-55 which is normalized to much lower hardnesses and does not normally exhibit cracking * Times to failure vary, depending on applied 
or phenomenon, stress. . 
» Specimens were prestressed above yield stress, then subsequently stressed to levels indicated. » Test was such as to not permit definition of 
¢ Specimens were stressed to a calculated stress which was in all cases above the yield stress of the ma- exact time to failure. : 
of terial. ¢ The series of N-80 tests listed here was made 
4 Insufficient data available to determine these as minimum hardnesses, but they are the lowest hard- on N-8@ material heat treated in ways to provide 
pro- nesses for which test data are reported. different hardness levels. 
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100 % YIELD RING 


80 % YIELD RING 


60% YVIELO RING 


40 % YIELD RING 


20 % YIELD RING 


10 % YIELO RING 


CELL COMPONENTS: 
MADE OF LUCITE 


Figure 5—Laboratory set-up for conducting low H2S concentration cracking tests. 


TABLE 5—Sweet Corrosion Cracking Test Results 


Specimen 
Type 


Polished Beam 


Material 


9% Cr 


Hardness | 
144% Mo | RC 25— | 
| RC30 | 


14% Mo | RC 37 Polished Beam | 


Solution of 0.1% HAc 
Gnternted WHR CO . vss ccencccnesacss 


Solution of 0.1% 


Environments Results 


+ 0.1% No failures in 


6 months 


NaCl 


HAc + 0.1% NaCl | No failures 


saturated with CO2 


2 Mo | RC 37 Polished Beam 


Solution of 0.1% 
saturated with CO2 


HAc + 0.1% NaCl | 
+ high cathodic 


No failures 


current 


| Notched Ring 


| Vapor space above 5% NaCl solution 
through which was bubbled Ne, COz, 
and small 


Failure within 
6 months 
HeS 


amount of (Gases in 


Ratio of 90% N; 9% CO2; 1% HS) 


Notched Ring | 5% 


Notched Ring 5% ! 


| Notched Ring | 5¢ 


| 
| 
| 
| 


5% NaCl + NaeS acidified with HCI 


| Polished Beam 


RC 3: Notched Ring 
RC 3: Notched Ring 


RC 3: Notched Ring 


RC 3: Notched Ring 


ness levels. 


levels. Two different N-80 tubes and one 
J-55 tube were used. 

Normalized J-55 samples ranged in 
hardness from RC 2 to RC 11. Quenched 
and tempered J-55 samples ranged from 
RC 14 to RC 31. N-80 samples ranged 
from RC 21 to RC 40. Hardnesses were 
obtained by using appropriate Rockwell 
Scale and are reported as Rockwell “C” 
equivalent. 

Each test was continued for one month 
and the times to failure noted. Previous 
tests in saturated HS showed that no 
failure can be expected after the first few 
days. In one test continued for one year, 
no failures occurred after the first day. 

Tests are not complete, but results to 
date are given in Figure 4, which indi- 
cates definite hardness-applied stress 
limits. 

Studies made of the problem thus far 
have shown that all types of steels are 
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N 


> N 
H2S 


| Water from Rayne Field separator 


| 5% NaCl + Ne + CO2 + CSe2 


| CON HCI (Not poisoned) 


CON HeSO,4 (Not poisoned 


aCl solution saturated with air | No failures 


aCl solution saturated with CO2 | No failures 


Failures with- 


in hours 


aCl solution saturated with air and 


Failure with- 
in 2 hours of 
acidifying 
No failures 


One failure at 
500 hours 


Failure within 
2 min. 


Failure within 
2 min. 


* The N-80 tests listed here were made on N-80 material heat treated in ways to produce different hard- 


susceptible to sulfide corrosion cracking. 
This susceptibility is a function of hard- 
ness and applied stress. Steels of different 
compositions and heat treatment vary in 
their susceptibilities. Low chemistry steels 
are more susceptible to the degree that 
they contain manganese, molybdenum 
and nickel; they are less susceptible to 
the degree that they contain chromium. 
All alloy steels including high chrome 
steeis are more susceptible than low 
chemistry steels. All steels become more 
susceptible the higher their strength and 
hardness and have _ hardnesses_ below 
which they are not susceptible. 

When the steels contain notches, fail- 
ures occur at macroscale loads well be- 
low the yield stress of the steel. This is 
true of the carbon steels in Figure 4. It 
is also true of several alloy steels tested 
(see Table 4) 


Tempering treatments reduce a steel’s 
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cracking susceptibility. This probably 
correlates to removal of martensite in the 
microstructure which apparently makes 
the steels less susceptible to hydrogen 
embrittlement. 

Because higher strength levels canno/ 
be attained by normalizing and temper- 
ing low chemistry steels, the highes 
strength levels attainable free of crack- 
ing susceptibility probably will be wit! 
quenched and tempered low chemistr' 
steels. 

Research has given reproducible fail 
ures in J-55 and N-80 materials at many 
hardness levels. It clearly demonstrate: 
that there are hardness-applied  stres: 
limits for cracking susceptibility. Work 
is insufficiently complete to draw furthe: 
conclusions relative to the effect on sus- 
ceptibility of the chemistries and heat 
treatments used. 


Sweet Corrosion Cracking 

Twenty-one cracking failures in sweet 
condensate system tubing were reported 
in the minutes of one NACE technical 
committee meeting.” Some were in 9 
percent chrome tubing, in 9 percent 
nickel and some in 5 percent nickel tub- 
ing. One committee member reported 
failures in N-80 at hardnesses as low as 
RC 22 and in AISI 4340 tubing with 
yield strengths ranging from 105,000 to 
125,000 psi. 

One company had failures in 9 per- 
cent chrome tubing in Rayne Field, 
La.** These failures occurred in material 
of RC 32 to 34 hardness. Tests did not 
result in failures in solutions containing 
acetic acid, mud, thread compounds, etc., 
saturated continuously with CO:. A pol- 
ished beam specimen was used. 

The most pressing need for research 
on the sweet corrosion cracking problem 
is determination of what causes cracking 
in the corrosive environment. 


Preliminary Tests 

For almost two years after the Rayne 
Field failures, attempts were made to re- 
produce these cracking failures in a 
variety of sweet environments in an at- 
tempt to isolate the corroding compo- 
nent causing the failures. Tests involving 
NaCl, CO:, organic acids, muds, thread 
compounds and cathodic charging were 
tried. To date, no failures have ocurred 
in any system not containing sulfide. 

In preliminary tests in which small 
quantities of sulfide were added, crack- 
ing resulted. Table 5 gives a list of ma- 
terials and the conditions under which 
they were tested. 


Field Studies 


Because failures were not obtained in 
sulfide-free systems, a field test was be- 
gun to determine if any corrosive sul- 
fides were present in the production from 
Rayne Field, La., where failures were 
experienced. Polished 1 by ¥% by 8-inch 
copper coupons were installed in the 
flow streams of four wells producing 
from two different formations. Copper 
was used because of its high affinity for 
sulfides. If sulfide was present, it would 
be present in small quantities. 

The coupons were exposed to the full 
production stream for two weeks. Scale 
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which formed on the coupons was ana- 
iyzed by micro-chemical procedures and 
found to be copper sulfide. This test, 
qualitative in nature, showed that some 
sulfide was present in the production 
from this field. 

An X-ray analysis of the corrosion 
-cale one an AISI 4340 that had cracked 
showed the following constituents: FeoSs 
Kansite), FeCOs (Siderite) and Free 
Sulfur. 

Both these qualitative studies gave sub- 
stantial evidence that significant amounts 
f corrosive sulfides are present in at 
‘ast some of the wells where sweet cor- 

sion cracking has been experienced. 


,aboratory Studies 


On the hypothesis that sweet corrosion 
racking occurs only where some sulfide 
5 present, a series of tests was started to 
letermine quantitatively the concentra- 
ions of sulfide necessary to produce fail- 
ires. The tests also were to determine 
ihe time-to-failure effect of lower H:S 
‘oncentrations. 

Notched ring specimens were used, 
ind the tests were set up in the same 
way as for sulfide corrosion cracking. 
Lower concentrations of H2S were ob- 
tained by using a diffusion tube and 
nitrogen-CO: carrier gas in an arrange- 
ment shown in Figure 5. 

For one test, the carrier gas was flow- 
rated at 345 milliliters per minute nitro- 
gen and 19 milliliter per minute CO. 
H:S was bubbled at a slow rate. This 
gave a result of 50 ppm H: being dis- 
solved in the test cell. 

In another test, the same N2 and CO: 
rates were used, but H2S was passed over 
the top of the water in the diffusion tube 
rather than bubbling it through the 
water. This gave 15.2 ppm HS in so- 
lution in the test cell. These values were 
determined by iodimetric titration at the 
conclusion of the test run and compari- 
son with the 3000 ppm H:S obtained by 
maintaining saturation. 

Test results with different concentra- 
tions of H2S in solution are shown in 
Figures 6 and 7. These data clearly show 
that failures are produced to as low as 
15 ppm HS in solution and that lower 
H:S concentrations extend the times to 
failure. 

Tests now in progress indicate that 
substantially lower H:S_ concentrations 
will produce failures. At this lower con- 
centration, the first failure occurred after 
one month (approximately 750 hours). 
The HS concentration are measured at 
the conclusion of the tests to get the 
Fe-FesSs-H:S_ concentration rather than 
the iron-free solubility H:S concentra- 
tion. For this reason, actual concentra- 
tion is not yet known. The lower con- 
centrations are being obtained by using 
oil in the diffusion tube on the H2S side 
and by closing up the upper connection 
of the diffusion tube shown in Figure 5. 

Sulfide is considered to be involved in 
these failures because of the three follow- 
ing factors: 

First, failures have not been repro- 
duced in laboratory prepared sulfide- 
free environments. Secondly, failures 
from two sweet condensate fields studied 
showed evidence that sulfide was partici- 






8 


o 
° 


STRESS CORROSION CRACKING OF OIL COUNTRY TUBULAR GOODS 59 





a 
° 


| 





1 


> 
°o 


——o——_ 3000 PPM Hes 
—o— 50 PPM Hes 
—a— 15.2 PPM H2S 


DEFORMATION (PERCENT OF YIELO DEFORMATION) 












a 1 


























10 100 10900 


TIME TO FAILURE (HOURS) 


Figure 6—Time-to-failure data obtained on N-80 material, oil quenched and tempered to approximateiy 
RC 33-35 hardness in solutions containing different concentrations of dissolved H2S. 
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Figure 7—Time-to-failure data shown in Figure 4 plotted versus H2S concentration. 


pating in the corrosion process. Thirdly, 
cracking obtained at low H:S concentra- 
tion (15 ppm and less) at the extended 
times-to-failures at these low concentra- 
tions correlate to field failure experience. 


Selection of Materials 


Available API and non-API tubing 
materials probably do not have the de- 
gree of cracking resistance desired or 
possibly attainable with future study. 

API steels (J-55 and N-80) have 
higher resistance than most non-API al- 
loys. With its normally lower hardness 
J-55 has the higher resistance. Because 
of the large property scatter exhibited 
by API J-55, however, it must be hard- 
ness screened to a maximum hardness 
of RC 22 to assure service free from 
cracking. 

A substantial percentage of N-80 joints 
is above its limit of cracking suscep- 


tibility. At these hardness levels, it re- 
tains martensite in its microstructure.*” 
To temper the martensite, bring the 
hardness down and eliminate cracking 
susceptibility, API N-80 must be given 
a special tempering treatment.’ Temper- 
ing to a substandard yield strength range 
of 70,000 to 90,000 psi will accomplish 
this. Such pipe should be hardness 
screened to a maximum of RC 22. 

Of the low alloy steels, AISI 4140 
(a low chromium steel) has superior 
cracking susceptibility. Normalized and 
tempered to 70,000 to 90,000 psi yield 
strength range given for N-80 will give 
satisfactory performance. It, too, should 
be hardness screened. 

The higher alloys tested (9 percent 
nickel and 9 percent chrome steels) have 
high cracking susceptibilities.” The 9 
percent nickel steel was first used be- 
cause of its corrosion resistance in gas 
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condensate wells.’ It has since been de- 
termined to be the most susceptible of 
all materials tested.’ 

The 9 percent chrome steel was tried 
by a number of operators. Although less 
susceptible to cracking than the 9 per- 
cent nickel steel, chrome steel is more 
susceptible than the low chemistry steels.’ 
Notch sensitivity studies‘ show it to be 
superior in this respect to other mate- 
rials. In some fields, it has proved highly 
corrosion resistant; in others it has been 
susceptible to pitting attack.’ It is defi- 
nitely cracking susceptible at hardnesses 
above RC 25, 


Conclusions 
1. All types of steels will crack in 
aqueous ‘systems containing H:S. 


2. There are hardness and applied 
stress minimums below which a given 
steel will not crack, and these minimums 
are inversely related. 


3. Low chemistry, quenched and tem- 
pered steels are less susceptible to crack- 
ing than alloy steels for given strength 
levels. 


4. Sweet corrosion cracking failures 
have not been produced in laboratory en- 
vironments free of sulfide. 


5. Some sweet condensate fields where 
cracking has occurred in tubing contain 
sufficient quantities of sulfide to enter 
into the corrosion process. 


6. Cracking is produced in solutions 
containing 15.2 ppm HS and less. 


7. Time to cracking failure is inversely 
related to the concentration of HS in 
solution. 


8. The notched ring cracking test 
specimen provides more reproducible and 
useful hardness-applied stress failure data 
for below yield strength loads than pol- 
ished beam specimens. 


References 


1.W. D. Robertson (editor). Stress Corrosion 
Cracking and Embrittlement. John Wiley and 
Sons, New York City, 1956. 

2.L. W. Vollmer. Hydrogen Sulfide Corrosion 
cracking of Steel. Corrosion, 8, 326-360 (1952). 

3. J. P. Fraser, G. G. te and R. S. Trese- 
der. Laboratory and Field Methods for — 
titative Study of Sulfide Corrosion Cracking. 
Corrosion, 14, 517t (1958). 


Any discussion of this article not published above 


will appear in the December, 1959 issue 


Vol. 15 


4. F. A. Prange. Mechanical Properties and Cor- 
rosion Resistance of Oil Well Tubing. Cor;o- 
sion, 15, 49t (1959). 

5. J. P. Fraser and R. S. Treseder. Resistance 
of Tubular Materials to Sulfide Corrosion 
Cracking. Trans ASME, 77, 817-825 (1955) 
August. 

. J. P. Fraser and G. G. Eldredge. Influence of 
Metallurgical Variables on Resistance of Ste:ls 
to Sulfide Corrosion Cracking. Corrosion, 14, 
524t (1958) Nov. 

. W. D. Robertson and Arnold E. Schuetz. Hy- 
drogen Absorption, Embrittlement and Fracture 
of Steel. Report on Sponsored Research  n 
Hydrogen Sulfide Stress Corrosion Cracki: g 
Carried on at Yale University, Supervised | y 
NACE Technical Unit Committee T-1G. Co~ 
rosion, 13, 437t (1957) July. 

. L. W. Vollmer. Behavior of Steels in Hydrogen 
og Environments. Corrosion, 14, 324t (195!) 
uly. 

. Condensate Well Corrosion. Edited by NGA\ 
Condensate Well Corrosion Committee, pp. 11'- 
111 ‘‘Metallurgical Factors,’’ F. A. Prange. 
.R. P. Frohmberg, W. J. Barnett and A. F, 
Troiano. Delayed Failure and Hydrogen En- 
brittlement in Steel. WADC Technical Repoit 
No. 54-320 (1954) June. 

. M. F. Baldy and R. C. Bowden, Jr. Effect «f 
Martensite on Sulfide Stress Corrosion Crack- 
ing. Corrosion, 11, 417t (1955) Oct. 

. F. H. Meyer, O. L. Riggs, R. L. McGlasson 
and J. D. Sudbury. Corrosion Products cf 
Mild Steel in Hydrogen Sulfide Environments. 
Corrosion, 14, 109t (1958) Feb. 

. Minutes of NACE Technical Committee T-1F-2 
Meeting, Sweet Corrosion Cracking Task Group 
of T-1F Metallurgy Committee, NACE South 
Central Region Conference, Oklahoma City, 
October 2, 1957. 





Figure 
furnac 


Figure 
furnac 
throus 

the 





ol. 15 


nd Cor. 


Corro- 


sistance 
OrTOsion 


(19535) 


ence of 
f Stecls 
on, 14, 


tz. Hy. 
‘racture 
rch cn 
racki: g 
ised ly 


3. Core 


ydrog 
+ (195 


NGA\ 
yp. 11. 
ze. 

A. BE, 
n En- 
Repoit 


ffect «f 
Crack- 


Glassoi 
icts of 
iments 


T-1F-2 
Group 
South 
City, 








Figure 1—Tube specimen after its removal from the 
Thermocouples were spot welded to the 


furnace. 


tube at 1 inch intervals. 4X. 


Figure 2—Tube, 
furnace. Controls and bulb, B, containing water, 
through which gases were bubbled before entering 

the lower end of the furnace, are also shown. 


TABLE 1—Analysis of Steel Used 
in Investigation 








indicated by arrows, in place in 
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Corrosion of Type 310 Stainless Steel 


Introduction 
HE PROBLEM of oil ash corro- 


sion is not a new one. The resistances 
of various alloys to synthetic ash mix- 
tures have been studied by several in- 
vestigators’ 2 3 and in addition work has 
been done on the mechanism of oil ash 
corrosion.* ¢ 


In work done elsewhere in determining 
the relative susceptibility of various al- 
loys to oil ash corrosion, the materials 
were placed in individual crucibles con- 
taining a synthetic oil ash and heated at 
a fixed temperature for a specific time. 
The corrosion damage was evaluated by 
visual or metallographic examinations, 
weight loss, or similar procedures. 


An investigation of the corrosion of 
Type 310 stainless steel in fuel oil ash 
contaminants is in progress at the Na- 
tional Bureau of Standards, in coopera- 
tion with the Bureau of Ships, Depart- 
ment of the Navy. 

The first task in the investigation was 
to determine the minimum temperature 
at which a synthetic oil ash would at- 
tack Type 310 stainless steel. The study 
of the mechanism of this attack on steel 
is a greater task and is being continued. 


Materials and Procedure 


In order to obtain data for the first 
task at the National Bureau of Stand- 
ards, the specimens in contact with syn- 
thetic ash mixtures were subjected to a 
temperature gradient in the range where 
incipient attack was expected. This was 
accomplished by placing the ash mixture 
in Type 310 steel tubes which were 
heated in a tube furnace adjusted so 
that a temperature gradient existed. The 
chemical analysis of the steel as deter- 
mined at the NBS is given in Table 1. 


The tubing, 0.80 inch OD, had a wall 
thickness of 0.072 inch. It was cut into 
32 inch lengths, each end of each length 
being threaded internally so that the 
tube could be closed at either end or con- 
nected into a gas train so that various 
atmospheres could be passed through it. 
Prior to loading of the tubes with syn- 
thetic ash mixtures, one end was tightly 
packed with glass wool for a length of 
one to several inches before the closing 
plug was screwed into place. The glass 
wool proved effective in retaining a 
molten ash mixture in tubes heated in 
the vertical position in a tube furnace. 
Most of the tube was then filled with 
the ash mixture; a short length at the 
other end was also plugged with glass 
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Abstract 


In an_ investigation of the corrosion of 
Type 310 stainless steel in synthetic fuel 
oil ash, the minimum temperatures at 
which the steel was attacked by a mixture 
of V2Os and Na2SOx and by mixtures of 
V20s and NaVOs were determined. The 
minimum temperatures ranged from 1075 F 
for a mixture of 67 percent V20s5 and 33 
percent NaVOs to 1220 F for a mixture 
of 88.5 percent V2Os and 11.5 percent 
NaVOs:. An unidentified phase was pro- 
duced at the interface between the steel 
and a vanadium compound or mixtures of 
compounds in the temperature range 1075 
F to 1890 F. There was evidence that this 
a penetrated into the steel at grain 
oundaries. Steel heated above 1700 F in 
contact with a vanadium compound or a 
mixture of these contained nodules of an 
unidentified phase at the grain boundaries. 
Spectrochemical analyses of the slag (fused 
synthetic mixture) indicated that it con- 
tained some of the components of the steel 
in the same proportions as they were pres- 
ent in the steel. 4.3.3 


wool to retain the ash when the tube 
was heated in the horizontal position. 

In order to determine the minimum 
temperatures at which the ash mixture 
attacked the steel, six chromel-alumel 
thermocouples, spaced one inch apart, 
were spot welded to the outside surface 
of the tube. A tube with this thermo- 
couple arrangement is shown in Figure 1 
after its removal from the furnace. In 
other work, four thermocouples spaced 
three inches apart were usually used. 

The tube in position in the furnace is 
shown in Figure 2. There was a connec- 
tion at each end of the tube for intro- 
ducing air or other gases after passing 
them through a drier or water. These 
gases were then discharged into the air 
through the second connection at the op- 
posite end of the tube. 
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Figure 3—Unidentified phase found between steel and 

slag in tube containing 34 percent V20s + 66 percent 

NaVO; heated to 1300 F. Etched electrolytically in 
10 percent oxalic acid. 335X. 


In the early work in this laboratory, 
the synthetic oil ash mixture used con- 
sisted of 85 percent V,O; and 15 per- 
cent Na,SO, (all percentages are by 
weight ). The mixtures used in later work 
were made up of varying amounts of 
V,O, and NaVO,. Attack of the steel 
was observed at the lowest temperature 
in a mixture containing 67 percent of 
V,O, and 33 percent NaVO,; this mix- 
ture was used in most of the work re- 
ported in this paper. 

Provisions were made for placing a 
small diameter tube concentrically in- 
side the regular tube but electrically in- 
sulated from it for the purpose of study- 
ing the effect of passing an electric 
current between the specimen tube and 
the smaller tube. This part of the in- 
vestigation is in progress. 

Most of the results reported here were 
obtained using mixtures of V,O,; and 
NaVO, in Type 310 stainless steel tubes 
into which moist air was introduced. One 


Figure 4—Massive unidentified phase penetrating 

into steel along grain boundaries in tube containing 

67 percent V:05s + 33 percent NaVO; heated to 

1400 F. Etched electrolytically in 10 percent oxalic 
acid. 335X 


experiment was made using the above 
mixture but introducing moist helium in- 
stead of moist air. A few experiments 
were run using V,O, or NaVO, sepa- 
rately; the atmospheres introduced were 
wet or dry air or dry helium, The mix- 
tures used, together with the tempera- 
ture ranges and atmospheres introduced 
are given in Table 2. 


Results and Discussion 


Minimum Temperatures at Which Steel 
was Attacked. 


Metallographic examinations and 
measurements of the wall thickness of 
the specimens after the removal of the 
oil ash mixture were used to determine 
the minimum temperature (maintained 
for 200 hours) at which the steel was 
attacked. These values are given in 
Table 2. 

The minimum temperature at which 
the metal was definitely attacked by the 
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VO, + Na,SO, mixture was 1115 F, 
Evidences of attack at 1100 F and 1085 
F were not conclusive. 

Using NaVO, + V,O; synthetic ash 
mixtures and introducing moist air the 
following results were obtained: (1) the 
tube containing 88.5 percent V,O, mix- 
ture showed no evidence of attack it 
1150 F but slight slag attack and thinnii g 
of the specimen wall at 1220 F; (2) the 
specimen containing 67 percent V0, 
mixture showed no evidence of attack 
at 1050 F but it had been attacked at 
1075 F; (3) the specimen containing 34.5 
percent V,O; mixture showed no ev- 
dence of attack at 1140 F but had bee. 
attacked after only a short exposur: 
period at 1165 F. 


Microstructure at Steel-slag Interface. 


If the synthetic oil ash was a mixtur: 
of V,O, with either NaVO, or Na,SO,, 
a hard slag was formed that was difficul 
to separate from the steel. An unidenti- 
fied phase, shown in Figures 3 and 4, 
was found in some specimens between 
the slag and steel; it showed a somewhat 
different reaction to etchants than the 
steel. It was a little softer than the steel: 
Knoop hardness numbers for this phase 
and the steel, determined on a specimen 
heated to 1390 F, were 155 and 179 re- 
spectively. The unidentified phase formed 
a more nearly continuous layer between 
the slag and steel in specimens heated 
in the 34.5 percent V,O; —65.5 percent 
NaVO, mixture than in any of the other 
mixtures studied. Figure 3 shows. this 
layer in contact with steel heated for 
three hours at 1165 F and for 197 hours 
at 1115 F. The unidentified phase in 
specimens heated in the 67 percent V,O; 
—33 percent NaVO, mixture was gen- 


TABLE 2——Synthetic Oil Ash Mixtures, Atmospheres, and Temperature Ranges to Which Type 310 Stainless 


V205 NaVOs 
Temp, 


Temp, | 
Degrees 
F 


Degrees 
F 


Minimum 
Tem- 
perature 
| of Attack | Studied 


Range 
Studied 


Range 
Studied 


Range 


Atmosphere Studied 


Dry Air. . 1195-1800 


Wet Air 1805-1890 


Wet Air 
Wet Air 
Wet Air 
Wet Air 2090 
Wet Air 920-1550 
De Helium 1340-1870 | 


Dry Helium | 1490-1805 


Wet Helium...| 1850-1895 | . 


Stagnant Air 


Stagnant Air 


* By X-Ray Diffraction Techniques. 


85% V20s 
+ Na2eSOs 


Temperature, 
Degrees F 


Steel Tubing Was Exposed 


67% V205 
+ NaVOsz 


88.5% V205 | 
+ NaVOs; | 


Temperature, 
Degrees F | 


Temperature, 
Degrees F 
|Minimum| |Minimum 
| Tem- | | Tem- 
perature Range | perature 
| of Attack | Studied | of Attack 


Range 


1305-1495 


920-1475 


990-1780 | 


1075 s| 


34.5% V205 
+ NaVOs 


Temperature, 
Degrees F 
Minimum) 
Tem- | 
Range perature 
| Studied | of Attack 


Compounds Identified 
in the Slag* 


V205 NiO-V20s5; FeVOa: 


, ae "| V20s; NiO-V20s; CrVO4; 
| 2NiO-V20s5; V2O3 


No X-Ray Data 


NaVOs; 2NiO-V20s 


940-1350 


No X-Ray Data 





...... | NaV Os; NaVOs-H20 
Na20:V204:5V205** 
2NiO:V20s; V20s; 
(V203; Fe203:2V20s; 
Cr203°V20s) ? 
| No X-Ray Data 
. | 2NiO-V20s5; FeVO«; Fe2Os 
| V20s; NaVO3-H20; 
| NiO-H20; Cr2O3; 
| Na2O-V204-5V205 
| 5Na20-V204-11V20s; 
| (FeVOsa; FeV) ? 


| 1130-1320 | 


. | V20s; NaVOs-H20 








** Ohio State University Research Foundation Report, 692-6, by Thomas S. Shevlin 
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Ff gure 5—Unidentified phase surrounding a crystal of 

s‘eel in tube containing 100 percent V20s with moist 

« r atmosphere heated to 1890 F. Etched electrolyt- 
ically in 10 percent oxalic acid. 500X. 


rally discontinuous with the penetration 
ccurring at grain boundaries. Figure 4 
1ows typical penetration of this phase 
ito the steel. 


The unidentified phase was found in 
ubes containing NaVO, that had been 
ieated to about 1400 F. In tubes con- 
aining the mixture of 67 percent VO, 
+ 33 percent NaVO, the phase was 
ound after heating at temperatures as 
high as 1650 F. It was also found after 
eating at a temperature as high as 1890 
[ in a tube containing V,O,. Figure 5 
shows this phase almost completely sur- 
rounding a grain of the steel in this tube. 
[his phase was definitely dependent on 
the presence of a vanadium compound 
or on a mixture containing two vana- 
dium compounds. No evidence of such a 
phase was found in tubes containing no 
vanadium compounds heated to tempera- 
tures of 1950 F in contact with wet 
helium and 1750 F in contact with wet 
air. 

In one instance a mixture of V,O; 
67 percent)—NaVO, was inadvertently 
spilled onto the external furnace tube of 
Type 302 stainless steel. This tube was 
subsequently heated to 1780 F and was 
found to be much more severely at- 
tacked, Figure 6, than the Type 310 steel 
heated to the same temperature. The 
photomicrographs, Figures 5 and 6, sug- 
gest that the unidentified phase pene- 
trating along the grain boundaries may 
ingulf individual crystals of the steel. 

In the interior of the steels heated to 
1700 F or higher, in contact with either 
NaVO, or V,O; or a mixture of the 
two, a constituent was found at the grain 
boundaries as is shown in Figures 7 and 
8. This constituent was not found in 
specimens heated to the same tempera- 
ture but not in contact with any vana- 
dium compound. 


Etching of the steels that had been 
heated for six hours or longer at tem- 
peratures above 1600 F indicated that 
materials in addition to carbides were 
precipitated at the grain boundaries. 
This condition, existing whether or not 
any vanadium compound had been pres- 
ent, is shown in Figure 9. The same 
specimen, etched in NaCN to reveal the 
presence of carbides, is shown in Fig- 
ure 10. A very wide grain boundary 
structure developed by etching the steel 
in 30 ml of HNO, plus 20 ml of acetic 


acid is shown in Figure 11. It was noted 


Figure 6—Unidentified phase surrounding several 

crystals and penetrating along grain boundaries in 

Type 302 stainless steel. Etched electrolyically in 
30 mi HNOs -++- 20 ml acetic acid. 335X. 


that the cyanide etchant did not attack 
the twin boundaries at all and that the 
other etchants attacked them much less 
severely than the grain boundaries. 


In only one instance was a definite 
intercrystalline phase found in the speci- 
men in the unetched condition. Figure 
12 shows a section of tubing that was 
completely immersed in V,O; at 1855 
F with moist air flowing through the 
container tube. A platinum wire marker 
was spot welded to the specimen prior 
to heating. On examination after six 
hours at temperature the platinum 
marker was separated from the steel by 
a layer of slag approximately 0.05 inch 
thick. The container tube (Type 310 
stainless steel) was deeply grooved at 
the contact of the VO, slag with the 
atmosphere. 


Changes in Gas Content in a Closed Sys- 
tem. 

Several of the tube specimens were 
made parts of a closed system that in- 
cluded gas measuring and gas collect- 
ing tubes. Thus, it was possible to de- 
termine qualitatively the change in the 
volume and _ semi-quantitatively the 
changes in composition of the atmos- 
pheres in the closed systems. 


On the first heating of the V,O; + 
NaVO, mixture, more gas was evolved 
than was expected from expansion alone. 
Analysis of the gas by mass spectro- 
graphic methods indicated that it con- 
tained more oxygen than is found in air. 
Heating a mixture of V,O, alone in the 
tube resulted in a decrease in volume of 
the gas, as has been reported by Monk- 
man and Grant,® and a decrease in the 
oxygen content. Similar results were ob- 
tained using NaVO, alone. These re- 
sults indicate that the increase in oxygen 
content of the gas must be due to the 
interaction of the V,O, and NaVO.,. 
Oxygen also was obtained by Shevlin® 
on heating a mixture of these com- 
pounds. He suggested that it was pro- 
duced by the following reaction; 


4NaVO, + 10V,0; > 
2(Na,O+ V,O,°5V,0;) + O, 


and reported that he had obtained the 
X-ray diffraction pattern cor-esponding 
to tke complex product. Diffraction pat- 
terns of this compound and also of 
5Na,O*V,0,°11V.O,; were obtained for 


the slags formed in these experiments. 


CORROSION OF TYPE 310 STAINLESS STEEL BY SYNTHETIC FUEL OIL ASH 


Figure 7—Nodules, most probably of a second uniden- 
tified phase, at grain boundaries. Etchant 30 ml 
HNO: -+ 20 ml acetic acid. 335X. 


Figure 8—-Noduies at grain boundaries in interior of 
steel. Etched electrolytically in 10 percent oxalic 
acid. 500X. 


Figure 9—Unusual structures found at grain bound- 
aries of steels heated to 1890 F. Etched electrolytic- 
ally in 10 percent oxalic acid. 335X. 


The presence of the latter product sug- 
gests that the reaction, 
20NaVO, + 14V,0; > 
2(5Na,O* V,0,°11V,O;) + O, 
also may occur. 


Slag Produced on Heating Vanadium 
Compounds in Steel Tubes. 

Heating of either the NaVO, or the 
Na,SO, with V,O; produced a hard, 
dark, granular slag that was difficult to 
remove from the steel. In some instances 
needle-like crystals were found above 
the surface of the slag that had been 
molten. The various compounds identi- 
fied in the slag by X-ray diffraction 
methods are given in Table 2. Efforts to 
separate the slag completely into its 
components have not been successful. 
Some slag components were soluble in 
water; others were soluble in a hot 
NaOH solution, so that only partial 
separations have been made. However, 
there were usually some unidentified 
lines in the diffraction patterns. 
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Figure 10—Structure of same specimen as Figure 9 

but etched electrolytically in 10 percent NaCN, 

showing that complex structure was not due to 
carbides. 500X. 


Spectrochemical analyses of the slag 
indicated that it contained some of the 
components (Fe, Cr, Ni, and Mn) of the 
steel in the same proportions as they 
were found in the steel itself. There was 
no microscopic evidence that the steel 
was present in the slag in the metallic 
form. It is suggested that crystals of steel, 
being surrounded by the unidentified 
phase as is shown in Figures 5 and 6, 
subsequently combined with components 
of the slag. Data in Table 2 indicate that 
components of the steel were present in 
the slag in the form of such compounds 
as NiO*V,O;, 2NiO*V.0,, Crvo,, 
Fe,O,,¢2V.0, and possibly "FeVO,. Evi- 
dences of vanadium-nickel compounds 
were found more frequently than for va- 
nadium with any other of the steel com- 
ponents, 

The slag conducted electricity in both 
the liquid and the solid states. When 
platinum electrodes were introduced into 
the two ends of a solid slag cylinder in 
a temperature gradient, an electric cur- 
rent flowed from the hot to the cold 
junction when the circuit was closed. 
The electric potential behavior of the 
molten slag, using platinum electrodes, 
was very erratic. 


Summary 
1. The minimum temperatures at 
which four synthetic oil ash-mixtures at- 
tacked Type 310 stainless steel was 
studied as was the mechanism of this 
attack. 
2. A mixture of 67 percent V,O, + 


Figure 11—Grain boundary structure of specimen 
heated to 2090 F in NaVOs and moist air. Etched 
electrolytically in 30 — -++ 20 mi acetic acid. 


33 percent NaVO, attacked the steel at 
1075 F. Mixtures of VO, + NaVO, 
containing 34.5 percent and 88.5 rien 
V,O, attacked the steel at 1165 F and 

220 F, respectively. A mixture of 85 
aaa VO, + 15 percent Na,SO, at- 
tacked the steel at 1115 F. 

3. An unidentified phase structure de- 
veloped at the steel/slag interface and 
penetrated into some grain boundaries at 
this interface on heating V,O;, NaVO,, 
VO, + NaVO,, or V,O,; + Na,SO, in 
a steel tube at temperatures in the range 
1100 F to 1850 F. The maximum tem- 
perature at which this phase occurred 
at the interface varied with the vana- 
dium content of the compound or mix- 
ture ranging from 1450 F for NaVO, 
— to 1850 F for V.O,. 

4. At high temperatures the unidenti- 
fied phase penetrated into the steel along 
the grain boundaries and in some in- 
stances completely surrounded grains of 
steel. 

An unidentified phase was found in 
the steel heated above 1700 F in con- 
tact with a vanadium compound. 

6. The slag contained some com- 
ponents of the steel in aj proximately the 
same proportions as they were found in 
the steel. X-ray diffraction patterns of 
the slag indicated that it contained 
NiO*V.O,, 2NiO* V,O,, CrVO,, Fe,O; 
— oO; and possibly FeVO,. 

‘The slag obtained by heating a 
idee of 33 percent NaVO, + 67 per- 
cent VO, conducted electricity in both 
the liquid and solid state. When plati- 


Any discussion of this article not published above 


will appear in the December, 1959 issue 


Figure 12—Structure of piece of tubing complete! 
immersed in V20s at 1870 F with a moist air atmos 
phere. Note the intercrystalline penetration or ag 
glomeration of an unidentified phase at the grair 
boundaries. Unetched. 335X. 


num electrodes were introduced into th 
two ends of a solid slag cylinder in 
temperature gradient, an electric cur- 
rent flowed from the hot to the cold 
junction when the circuit was closed. 
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Eight Committees Give Reports at Chicago 


T-5B 


Three guest speakers were included 
it the March meeting of Unit Commit- 
ee T-5B, High Temperature Corrosion, 
ield in Chicago. 

A. B. Michaels, director of Research 
f Fanstell Metallurgical Corp., re- 
‘iewed current developments of oxida- 
ion resistant columbium, tungsten and 
antalum alloys. S. W. Bradstreet, Min- 
‘ral and Ceramic Division of Armour 
Research Foundation, discussed refrac- 
ory high temperature coatings. J. I. 
Bonin, Chicago Midway Laboratories, 
lescribed the mechanism of ablative 
cooling and showed films of materials 
being exposed in the laboratory to ther- 
mal environments simulating re-entry 
missile nose cones. 

The meeting also included a discus- 
sion of residual fuel oil ash corrosion 
problems. Recent efforts to solve boron 
high energy fuel combustion product 
corrosion problems were reviewed. 


T-2A 

Status of task groups was discussed 
at the Chicago meeting of Unit Com- 
mittee T-2A, Galvanic Anodes. Task 
Group T-2A-1, assigned to correlate data 
from galvanic anode operating installa- 
tions, was disbanded because insufficient 
data was received. 

Task Group T-2A-2, Development of 
Standard Accelerated Galvanic Anode 
Test Procedures, was reactivated. Pres- 
ent members are to be contacted. 

A committee was appointed to investi- 
gate the feasibility of compiling and 
correlating galvinic anode information, 
data and developments and to make rec- 
ommendations on formulation and pres- 
entation of practical reports on galvanic 
anodes by T-2A. Committee members 
appointed are E. A. Anderson, chair- 
man, I. J. Lennox, Ri Lb. Horst, W. P. 
Noser and H. W. Wahlquist. 


T-6F 


Three discussion topics were presented 
at the Chicago meeting of Unit Com- 
mittee T-6F, Protective Interior Linings, 
Applications and Methods. 

Topics were chemical plant patching 
with polyester, epoxy and glass cloth 
by W. A. Szymanski, Swedish pictorial 
standards on surface preparation by K. 
Tator and pitfalls to avoid in immersion 
panel testing by K. Tator. 

Reports from three task groups on 
curing, inspection and ethics of applica- 
tion contractors were given at the 
meeting. 


T-4E 


A preliminary report on preparation 
of pipe specimens exposed to different 
water conditions and a discussion on 
cathodic protection for hot water tanks 


were included at the Chicago meeting 
of Unit Committee T-4E, Corrosion by 
Domestic Waters. 

A display of 87 pipe specimens ex- 
posed to water conditions in the United 
States and Canada was shown by T. E. 
Larson. He distributed to members a 
data sheet listing the water source, treat- 
ment, analyses, saturation indices, ap- 
proximate flow rates and water pressure 
applied to the specimens. 

C. Fischer was appointed chair- 
man of a sub-committee on hot water 
tank corrosion to determine desired ca- 
thodic protection current for protection 
of hot water tanks in different U. S. 
cities. 


T-2B 


Two new task groups were estab- 
lished at the Chicago meeting of Unit 
Committee T-2B, Anodes for Impressed 
Current. They are T-2B-6, Deep Anodes, 
and T-2B-7, Use of Lead and Lead 
Alloys as Anodes. T-2B-6 chairman is 
A. W. Peabody, Ebasco Services, Inc., 
New York City; T-2B-7 chairman is 
E. J. Mullarkey, Lead Indutries Associ- 
ation, New York City. 

Task Group T-2B-5, Use of Platinum, 
Palladium, etc., for Anodes, was dis- 
banded because Unit Committee T-3G 
is handling similar work. 

Reports were given by the various 
task group chairmen on the status of 
their groups. 


T-6R 


Film thickness for protection of hot 
rolled steel was discussed by G. G. 
Schurr at the Chicago meeting of Unit 
Committee T-6R, Protective Coatings 
Research. The report was an activity of 
the Corrosion Sub-committee of the 
Research Advisory Committee of the 
Federation of Paint and Varnish Pro- 
duction Clubs. The project was to deter- 
mine if all organic coatings require the 
same minimum film thickness for eco- 
nomical protection of hot rolled steel 
against atmospheric corrosion. 

The committee heard reports on various 
projects of interest which the American 
Welding Society and Steel Structures 
Painting Council are conducting. 

The committee will prepare a ques- 
tionnaire to help in determining definitions 
of various terms pertinent to lining and 
coating applications which will be useful 
to other unit committees. 


Cathcart With Tank Lining 


W. P. Cathcart, recently elected chair- 
man of Technical Committee T-6F, Pro- 
tective Interior Linings, Application and 
Methods, is affiliated with Tank Lining 
Corp., Pittsburgh, Pa. Caption under his 
photograph published in the June issue 
of Corrosion incorrectly listed his com- 
pany affiliation as Oak Ridge National 
Laboratories. 
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T-6A 


A paper on Testing of Chemical Re- 
sistant Coatings for Chemical Plant At- 
mospheres was presented by F. Parker 
Helms at the March meeting of Unit 
Committee T-6A, Organic Coatings and 
Linings for Resistance to Chemical Cor- 
rosion, held at Chicago. 

He briefly described the methods for 
evaluation and pointed out the need for 
correlation of test procedures and field 
performance. He reported that the most 
reliable indication of performance was 
application of coatings to relatively large 
test areas such as drums. These tests 
of porosity must be followed by larger 
field application tests. 

Reports from T-6A task groups also 
were given at the meeting. 


T-3A 

Salesmen should be more factual in 
presenting their products and should 
direct their sales at the operator level, 
according to a discussion held at the 
ee meeting of Unit Committee 
T-3A. 

Sales information should give facts 
and figures relating to a specific opera- 
tion. An example was given at the meet- 
ing of a salesman who sold an inhibitor 
for a hydrocarbon stream at 600 to 
700 F. A monomolecular film could not 
be maintained at these temperatures for 
the given product. 

T-3A members emphasized that such 
incidents tend to reduce the operator’s 
confidence in other products. 


3rd Committee Joins 
Southeast Region's 
Coordinating Group 


The Tidewater Corrosion Control 
Committee, covering the Norfolk, Ports- 
mouth and Newport News area, has 
joined the T-7C Southeast Region Cor- 
rosion Coordinating Committee. It is 
the third to join T-7C, 

Organized in 1952, the Tidewater 
Committee has members representing 
utility companies, municipalities and 
naval activities in its area and from 
Atlanta and Washington, D.C. 

The committee meets quarterly in a 
joint meeting with the NACE Tide- 
water Section. 

Committee chairman is E. W. Seay, 
Jr., plant engineer for Chesapeake and 
Potomac Telephone Company of Vir- 
ginia. He is also chairman of T-7C. 
Secretary is S. P. Edwards, underground 
distribution superintendent with Virginia 
Electric and Power Co., Norfolk, Va. 

2 

Nineteen technical committee meetings 
are scheduled for the South Central 
Region Conference, October 12-15, in 
Denver, Colorado. 








COREXIT 
cuts lifting costs ...saves 
up to $1,000 a year per well 


COREXIT saves you money. It prolongs the life of your sub-surface 
equipment, reduces the number of well-pulling jobs and prevents loss in 
production. Savings up to $1,000 a year per well are not unusual. 


The initial COREXIT treatment cleans up your sub-surface equipment, 
displacing corrosive brine and loose scale from metal surfaces. Then it builds 
up a tenacious and lasting protective film on these metal surfaces to prevent 
further corrosion and hydrogen embrittlement. Periodic COREXIT batch 
treatments with a few hours circulation of the production will give continued 
protection. 


COREXIT is an organic, adsorptive-type corrosion inhibitor. It is 
available in many different formulas to meet the needs of every producer. It is 
non-toxic and easy to handle. It has no objectionable odor. 


Save your money — use COREXIT! 


HUMBLE OIL & REFINING COMPANY 





plants throughout Texas and 


New Mexico. Call the one 


nearest you for quick on-the- 
lease or plant delivery, or 
phone or write: 


Humble Oil & 
Refining Company 
Consumer Sales 

P. O. Box 2180 
Houston 1, Texas 


COREXIT is also avail- 
able through these com- 
panies: 


in Oklahoma and Kansas— 


Pet-Chem, Inc. 
Mayo Building 
Tulsa, Oklahoma 


in Illinois, Indiana and 
Kentucky— 


T. E. Bennett 
Chemical Company 
P. O. Box 245 
Salem, Illinois 


in Western Canada— 


Rice Engineering & 
Operating Ltd. 
10509-81 Avenue 
Edmonton, Alberta 


COREXIT is readily avail- 
able from Humble wholesale 
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Wide Scope of Topics Features Fall Meetings 


Topics to Be Discussed at 1959 NACE Region Conferences 
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North Central Region News 


Cleveland Conference 
To Have 30 Papers 


Thirty papers are to be presented in 
four symposia at the 1959 North Cen- 
tral Region Conference, October 20-22 
at the Statler-Hilton Hotel, Cleveland, 
Ohio. 

Eight NACE Technical Committee 
meetings also are scheduled during the 
conference: T-2L (Wax Type Pipe 
Coatings and Component Wrappers), 
T-3F-2 (Inhibitors), T-5C-2 (Corrosion 
by Cooling Waters—North Central Re- 
gion), T-5D (Plastic Materials of Con- 
struction), T-6H (Glass Linings and 
Vitreous Enamels), T-7 (Corrosion Co- 
ordinating Committee), T-7B (North 
Central Region Corrosion Coordinating 
Committee) and T-6F (Protective In- 
terior Linings, Applications and Meth- 
ods). 

A special plant visit is also planned 
as part of the program. 


Four Technical Symposia 

The four symposia and the chairmen 
of each are given below: 

Protective Coatings: Paul Gegner, 
Columbia Southern Chemical Co., and 
S. W. MclIlrath, Diamond Alkali Co. 

Chemical Treatment: Fred B. Hamel, 
Standard Oil Company of Ohio. 


NEWS DEADLINE 


Materials of Design: (Metals) Anton 
De S. Brasunas, American Society of 
Metals; (Plastics) J. F. Malne, B. F. 
Goodrich Co., and R. B. King, Heil 
Process Equipment Co. 

Cathodic Protection: B. Husock, 
Harco Corp., and J. J. Pokorny, Cleve- 
land Electric Illuminating Co. 


Scope of Technical Information 

Designed to include technical informa- 
tion of interest to persons involved in 
corrosion control work in the North 
Central area, the program’s scope is 
indicated by these titles: American Ex- 
perience With Inhibitors in Low Tem- 
perature Service, Four Years’ Experi- 
ence in Treating a Cooling Water Sys- 
tem for Corrosion Control, Protective 
Coating Testing by the User, Good De- 
sign Promotes Good Service, Plastic 
Materials of Construction for Corrosive 
Environments—Their Testing and 
Evaluation, Cathodic Protection Pro- 
gram for Industrial Water Storage 
Tanks, Specialty Coatings for Corrosion 
Protection and Selection and Design of 
Structural Plastic Equipment. 


Complete Program to Be Published 

A complete program of the conference 
is scheduled for publication in the Sep- 
tember issue of Corrosion. This will in- 
clude a listing of the technical paper ab- 
stracts, schedule of events, registration 
information and biographies and photo- 
graphs of the authors. 


FOR CORROSION 


News intended for publication in CORROSION should be in Houston 
not later than the 10th of the month preceding month of publication. 
When events occur at or near this date, it sometimes is possible to hold 
space for news stories, provided advance notice is given. An estimate of 
the amount of space required should be included in the advance notice. 


Several Industries’ 


Corrosion Problems 
To Be Discussed 


Five NACE region conferences sched- 
uled for September and October will 
discuss corrosion control problems rang- 
ing in scope from biological aspects and 
theory of corrosion to water problems. 

A concentration of information on 
coatings, cathodic protection and refin- 
eries will be presented in_ technical 
papers and discussions at the five con- 
ferences. Corrosion problems in the 
chemical processing, oil and gas produc- 
tion, pulp and paper and utilities indus- 
tries also will be included in the tech- 
nical programs. 

The table at left indicates the topics 
to be discussed at each of the region 
conferences. 

The first conference will be the West- 
ern Region, Sept. 29-Oct. 1, to be held 
at the Bakersfield Inn, Bakersfield, Cal. 
Abstracts of technical papers to be pre- 
sented at this conference appear in this 
issue of CORROSION. 

The 1959 Southeast Region Confer- 
ence will be held at the Robert Meyer 
Hotel, Jacksonville, Fla., Oct. 5-8. Ab- 
stracts of papers for this program also 
are published in this month’s Corrosion. 

A complete schedule of events, ab- 
stracts of papers and photos and biog- 
raphies of authors for the 1959 North- 
east Region Conference appear in this 
issue. This conference will meet Oct. 
5-8 at the Lord Baltimore Hotel in 

Saltimore, Md. 

Advance information is given in this 
month’s Corrosion on the other two con- 
ferences, They are the South Central 
Region, which will meet Oct. 12-15 at 
the Cosmopolitan Hotel in Denver, 
Colo., and the North Central Region, 
which will meet Oct. 20-22 at the Statler- 
Hilton Hotel in Cleveland, Ohio. 

Final programs for these two confer- 
ences are scheduled for publication in the 
September issue of Corrosion. 

@ 

4th Annual Corrosion Control Short 
Course sponsored by the Miami Section 
will be held November 16-20 at the Key 
Biscayne Hotel, Miami, Florida. 


° 
7464 copies of NACE Technical Com- 
mittee Reports published in COR- 
ROSION were sold in 1958. 


March '59 Corrosion Issues 
Needed for Library Uses 


Copies of the March, 1959 issue of 
Corrosion are needed to fill Volume 15 
for library subscribers. Any Corrosion 
reader who no longer needs to keep the 
March issue for reference is asked to 
send it to Central Office NACE, 1061 
M & M Bidg., Houston 2, Texas, atten- 
tion N. E. Hamner. The issues received 
will be sent to library subscribers. 








Au 


68 CORROSION—NATIONAL ASSOCIATION OF CORROSION ENGINEERS Vol. 15 


course to present new developments and Ai 
equipment in the painting and coatings 


| South Central Region News aight beguuing February AY 





Speakers who participated in the } 

course included R. W. Swandby, Wyan- see 

; ’ ee! dotte Chemical Corp., E. W. Oaks, et 

tions of plastic pipe was the program Clementina Ltd., John W. Nee, Briner 0. 

Denver Conference subject. ; : : rt Paint Co., Joe Rench, Napko Corp., ans 
A joint meeting of the North Texas Norman T. Schideler Pittsburg Coke he 

> | A Sections of NACE and SPE is sched- ang Chemical Co. John Rogers, Amer- os 
Final Pp ans re Set uled for September. coat Corp., V. B. Volkening, Dow I 
“ ae! Soe es . ; ; Chemical, Frank Faust, DeVilbiss, Lee feos 
Final plans are being completed for Alamo Section had the first of three Mellhanev. DeVilbiss "Jack Anderson na 
the 1959 South Central Region Confer- educational programs on corrosion proc- and Jim Seifert, Graco, Arch Evans, | ne 
ence to be held October 12-16 in Den- — esses and control at its June 16 meeting. Spee-Flo and Woody Gilpin, K-Way | ral 
ver, Colorado. Headquarters for the Gene Kneuper of the San Antonio Pub- [. ; hens ms y on 
conference will be the Cosmopolitan lic Service Board presented a film by Equipment. | . ¢ : 
Hotel; room reservations are being Alnico Corporation. E Cotal registration for the course was ior 
made at the Brown Palace Hotel also. e 162. 311 
i Greater Baton Rouge Area Section S stir 

Technical Program sponsored a 9-week maintenance painter COoRROSION’s index appears in December. ros! 





Six symposia and a series of educa- §—————— a $$ 
tional lectures are scheduled to present 
about 30 technical papers on a wide 
variety of corrosion control subjects. 

The six symposia and the chairman 
and co-chairman of each are listed be- 


low: 
Pipeline Corrosion: Frank D, Burns, 
General Asphalts, Inc., Wynnewood, e A ee 
Okla., and M. J. Olive, Arkansas Fuel roth 4 Yea All) ht brings the 
Oil Corp., Shreveport, La. 
Refining and Chemical Process In- e know-how 
dustries: FE. L. Haile, Monsanto Chem- 
ical Co., Texas City, Texas, and L. M. bd know-what 
| Roger, Union Carbide Chemicals Co., 
Texas City, Texas. bg know-why 


Oil and Gas Production: W. C. 
Koger, Cities Service Oil Co., Bartles- 
ville, Okla., and J. A. Caldwell, Humble 
Oil and Refining Co., Houston, Texas. 






¢ know-when 
DeViteiss ¢ know-where 


Utilities and Communication Indus- , e Fi 
tries: Glenn W. Beasley, Dallas Power a of spraying to you. 
and Light Co., Dallas, Texas, and T. J. ene 
Maitland, American Telephone and Tel- 
egraph Co., New York, N. Y. 

High Temperature Corrosion: J. J. 
Moran, International Nickel Co., Inc., 
New York, N. Y., and J. H. Devan, 
Oak Ridge National Laboratory, Oak 
Ridge, Tenn. 

Fresh Water Corrosion: J. M. Brooke, 
Phillips Petroleum Co., Sweeny, Texas, 
and Roy V. Comeaux, Humble Oil and 
Refining Co., Baytown, Texas. 











Other Conference Activities 
Other conference activities scheduled 
are tours of the Bureau of Reclamation 


Laboratories and the Ohio Oil Company 
Laboratory, fellowship hour, dinner- FIELD CONSULTANT SERVICE A not 


dance and business luncheon. have t 

Seventeen technical committee meet- Upon written request DeVilbiss will make available to Corrosion I've fe 
ings ae scheduled during the confer- Engineers and Painting and Decorating Contractors, without cost protec 
TIE rae eee ie Pg or obligation, the services of a professional consultant to analyze f film tl 
T-3K-2, T-6A. T-6D, T-8 T-8A, T-6E. methods, procedures, and equipment. His purpose is to help you get § faster. 
T-6B, and T2. the most from the spray method in applying coatings of any type to the m 

The Educational Committee for the structures or surfaces of any kind. Tl 
South Central Region has scheduled a help y 
luncheon meeting also. head t 


Complete Program to Be Published FIELD TRAINING SCHOOL 


Complete program of the conference 


is scheduled for publication in the Sep- 7 : ; THI 

tember issue of Corrosion. This will in- Here at last is the opportunity to provide complete and thorough 

clude a timetable of all events, abstracts of instruction at nominal cost on all phases of spray equipment and its 

technical papers to be presented, photo- use to supervisors and operators . . . in your own local area. No time Barrie 

er ene oa need be lost from the job. School may be readily set up for “‘after 

gram. hours”’ classes. bre 
& 


North Texas Section was invited to at- 
tend the local section meeting of the 
Society of Plastics Engineers. Engineer- 
ing applications, problems and _ limita- 
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ies August, 1959 NACE NEWS 
° ° says. Publication of Mr. Stauffer’s planned. Emphasis will be on waterflood 
fons Australian Essay Prize essay has not been scheduled yet. corrosion control. 
F Mr. Stauffer learned of the Australian Field trips are planned for registrants 
nday Awarded to NACE Member contest from a news story which ap- to visit locations exhibiting corrosion 
h NACE member Daniel B. Stauffer, peared in a 1958 issue of CoRROSION. control practices and field results. 
t ec senior engineer in the Production De- He has been a member of NACE since Registration fee will be $20. Addi- 
dn artment at Humble Oil and Refining 1954, has presented papers at regional tional information can be obtained from 
ya S, ‘o., Houston, won the prize in the meetings and is a member of Technical Jack L. Ward, tour chairman, at Plastic 
am innual essay competition sponsored by Committees T-1M and T-6D. aes Inc, P. O, Box 2749, 
Pe he Australian Association for Cor- e ‘ : Odessa, Texas. 
aim osion Prevention. Permian Basin Corrosion 
E His essay titled “Structural Design 
_— or Offshore Corrosion Control” orig- Tour to Be Sept. 23-25 S £ ¢ T | Oo N 
a nally was a paper presented at a a fal j 
ae neeting of the 1955 NACE South Cen- The — aoe eae Tour is ALEN DAR 
vans : te : : ; ; : 
ea ral Region Conference held in Hous- sponsored by the Permian Basin Section Dees C 
Way on. has been scheduled for September 23-25 
The prize awarded in the interna- with headquarters at the Lincoln Hotel, 
was ional contest was 50 guineas, about Odessa, Texas. 
3117. Purpose of the essay: contest is to Exhibits on the use of inhibitors, al- August : 
stimulate technical work in the cor- loys, coatings and cathodic protection 27 Teche Section. Petroleum Club. 
whi. rosion field and to publish suitable es- in oil and gas production operations are 27 Edmonton Section 














iy 


ii | 
1 | 
{2° 


Why these services are important to you 


September 
4 Birmingham Section. 

12 Corpus Christi Section. Annual Bar- 
beque. 

15 Chicago Section. Chicago Engineers 

Club. 

San Joaquin Section. 

Los Angeles Section 

East Texas Section. Longview Hotel 

in Longview. 

22 Baltimore-Washington Section. An 
Approach to Protective Coating En- 
gineering, by Austin K. Long. 

24 Edmonton Section 

24 Teche Section. Petroleum Club. 

28 Atlanta Section. 


BN) ent pes 
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NACE PRESIDENT Hugh P. Godard of Aluminium 

Laboratories, Ltd., Kingston, Ontario, Canada, ve 

the key-note address at the 4th Annual Appalachian 

Underground Corrosion Short Course held June 2-4 

on the West Virginia University campus at Morgan- 
town. A total of 520 persons attended. 


Appalachian Short Course 


A noted coatings specialist recently stated: ‘“‘When spray operators 
have the right equipment for the job and know how to use it properly, 


Has Record Attendance 


rosion I've found the spray method is, by far, the best way to apply most 
t cost protective and decorative coatings. It provides greater uniformity in Record attendance of 520 persons was 
1alyze § film thickness. Coatings last longer, and can be applied considerably reached at the 4th Annual Appalachian 
yu get — faster. But when spray equipment or operator training is inadequate, ae round Agere ao 7 — 
ype to the many advantages of spraying are apt to be lost.” ele ote een = a — : — 
- se : : sity campus at Morgantown. Reg 
The problem is defined . . . and these new DeVilbiss services will istrants represented the United States, 
help you solve it. To take advantage of either, write on your letter- Canada and Cuba. 
head to: Director of Field Services, The DeVilbiss Co., Toledo 1, Ohio, Lectures, motion pictures, exhibits and 
field demonstrations were included in 
the short course. 
; Officers for the 1960 short course are 
THE DeEVILBISS COMPANY FOR BETTER SERVICE, BUY General Chairman Cc. M. Rutter. Equita- 
rough : ble Gas Co., Program Chairman D. A. 
nd its Toledo 1, Ohio Tefankjian, Texas Eastern Transmission 
) time Barrie, Ontario ¢ London, England a : LB | ss Corp., Exhibits | Chairman G. G. Camp- 
‘after Sao Paulo, Brazil bell, West Virginia University, Publicity 
Chairman John H. Alm, Dearborn 


B h Offices in Principal Citi “ ; . 4 ea 
= Ee Ty Chemical Co., and Registration Chair- 


man R, E, Hanna, Jr., West Virginia 
University. 

General chairman for the 1959 short 
course was Charles L. Dey of the Kop- 
pers Company. 
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HOW TO CHECK OUT 
THE TOUGHEST TAPE 
EVER WRAPPED 
AROUND PIPELINE 


Give it the works... that’s what 
Polyken did to its latest development — 
Extra Strength No. 960 


... Run it through every tape dura- 
bility test a laboratory can apply. 


...Wrap this rugged tape around 30 
miles of 24-inch gas line in the swamp 
water and coral rock of southern 
Florida. Let an Iranian oil company 
use it on 200 miles of desert oil line. 
Put it to work for the Phillips Petro- 
leum Co. in Texas and Canada. 


If a tape coating can stand all this 
and still do the whole job cheaper 
than hot dope, you’ve got something 
special. Something permanent in 
pipeline protection— Polyken Extra 
Strength No. 960 Pipeline Roll. 


Available at no extra cost. 


Applying Polyken protection, as seen above, 


the Houston Texas Gas and Oil Corporation — 


laid a 1600-mile gas line from Louisiana to 
Florida. Polyken saved them $500 per mile 
by way of less men per job and more miles 
per day. Tape’s ready. No primer, no drying 
or cooling, no fumes or fire hazard. And low 
equipment cost. 

Get the full particulars on Polyken perform- 
ance and economy from your Polyken repre- 
sentative or write Polyken Sales Division, 309 
W. Jackson Blvud., Chicago 6, Ill. 


Poluken 


Experienced in modern 
PROTECTIVE COATINGS 


THE KENDALL company 
Polyken Sales Division 
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POLYKEN 
PROTECTIVE 
COATINGS 
DISTRIBUTORS 


Atlanta, Georgia 
Steele & Associates, Inc. 


Chicago, Illinois 
Sales Engineering Inc. 


Cincinnati, Ohio 
Hare Equipment 


Cleveland, Ohio 
The Harco Corp. 


Denver, Colorado 
Patterson Supply 


Des Moines, lowa 
Donald Corporation 


Fort Worth, Texas 
Plastic Engineering & Sales Corp. 


Harvey, La. 
Allen Cathodic Protection 
Company, Inc. 


Houston, Texas 
Cathodic Protection Service 


Kansas City, Missouri 
Industrial Coatings Engineering Co. 


Long Beach, Calif. 
Barnes & Delaney 


Memphis, Tenn. 
General Pipe & Supply Co. 


Minneapolis, Minn. 
Simcoe Equipment Co. 


Philadelphia, Pa. 
Harold N. Davis Co. 


Plainfield, New Jersey 
Stuart Steel Protection Corp. 


St. Louis, Missouri 
Shutt Process Equipment Co. 


San Francisco, Calif. 
Incandescent Supply Co. 


San Francisco, Calif. 
Phillips & Edwards Electric Co. 


Seattle, Washington 
Farwest Corrosion Control Corp. 


Seattle, Washington 
Pacific Water Works Supply Co. 


Poluken 


Experienced in modern 
PROTECTIVE COATINGS 
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Northeast Region News 


Philadelphia Section planned a field trip 
aboard two U. S. Navy ships in the 
mothball fleet at the Philadelphia Navy 
Yard for its July 21 meeting. Discus- 
sions on protective coatings, dehumidi- 
fication, cathodic protection and other 
related methods of preventing corrosion 
were to be discussed. 

At the section’s June 19 meeting, Nor- 
man Grooves presented a paper and 
slides on the types of failures of various 
alloys in the refining industry. 

e 


Baltimore-Washington Section has based 
its 1959-60 program on a poll taken to 
determine the corrosion interests of the 
section members. A program chairman 
for each meeting was selected for his 
interest in a specific field. 

The four section meetings for 1959-60 
with the speakers, their topics and the 
program chairman for each meeting are 
given below: 

September 22: An Approach to Pro- 
tective Coating Engineering, by Austin 
K. Long. Program chairman: T. E. 
Krehnbrink. 

November 16: Problems, Testing and 
Mitigation Methods Peculiar to Corro- 
sion Control of Lead Sheath Cables in 
Underground Multiple Ducts, by T. J 
Maitland. Program chairman: H. L 
Baer. 

February 16, 1960: Corrosion Prob- 
lems in Highway Maintenance, by W. 
J. Halstead. Program chairman: H. L. 
Logan. 

April 19, 1960: Corrosion Preventive 
Measures Necessary in the Design and 
Construction of an Underground Pipe- 
line, by E. C. Hine and R. E. Barrans. 
Program chairman: L. O. McCormick. 

a 


Genesee Valley Section scheduled regu- 
lar election of officers for its June 23 
meeting. The agenda also included dis- 
cussion of amendments for the section 
by-laws and the regional meeting to be 
held in Rochester, N. Y. 

» 

1959 Northeast Region Conference 
will be held October 5-8 at the Lord 
Baltimore Hotel, Baltimore, Maryland. 

a 

Three technical committee meetings 
are scheduled for the Northeast Region 
Conference to be held October 5-8 at 
the Lord Baltimore Hotel, Baltimore, 
Md. 


1959 Northeast Region 
Conference Program 


A complete program of the ‘59 
Northeast Region Conference 
(Oct. 5-8 in Baltimore, Md.) ap- 


pears on pages 72 to 87. Included 
are schedule of events, technical 
program, abstracts of papers to 
be presented and photos and bio- 
graphical sketches of authors. 





Lapel pins approximately 74g inches 
high, made of gold with inlaid red 
enamel and a ruby center, are available 
to NACE members only. Price is $10. 
Address orders to Executive Secretary, 
1061 M & M Bildg., Houston 2, Texas. 








PAST CHAIRMAN CERTIFICATE was presented to 
Walter Burton (left) of the Philadelphia Section. 
A. F. Minor, vice chairman of the Northeast Region, 
made the presentation at a recent section meeting. 


Western Region News 





Portland Section had 12 speakers on its 
June 11 program who briefly: described 
the products and services of the indus- 
trial firms which they represented. Pipe 
tapes, coatings, insulated couplings, 
paints and alloys were among the prod- 
ucts discussed. 

No meeting will be held in August. 
A regular section meeting is scheduled 
for September. 

® 


Puget Sound Section had a total enroll- 
ment of 115 at its May 21-22 short 
course on corrosion control held at 
Seattle University. Topics included 
theory of corrosion, coatings and ca- 
thodic protection, 

Q 


Los Angeles Section heard Loren L. 
Neff speak on control of internal cor- 
rosion in tank ships at the May 13 din- 
ner meeting. 

Harry Kipps of Signal Oil and Gas 
Company is the section’s vice chairman 
to replace B. E. Black, who has been 
transferred to Plicoflex’s Houston, 
Texas, office. 

Meeting dates for 1959-60 have been 
set for Sept. 16, Nov. 18, Jan. 20, March 
23 and May 18. 


1959 Western Region 
Conference Program 


Schedule of the technical pro- 
gram, abstracts of papers and 
photos and biographical sketches 
of authors for the 1959 Western 
Region Conference (Sept. 29-Oct. 
1 in Bakersfield, Cal.) appear on 
pages 88 to 93. 


Canadian Region News 


Edmonton Section heard J. G. Parr of 
the University of Alberta speak on 
stress corrosion at the June 25 section 
meeting. 

August 27 and September 24 are dates 
for the next two meetings. 
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Vol. 15 


Oct. 5-8 Northeast Region Conference Program 


35 Papers and 3 Plant Visits 


To Be Featured in Program 


The 1959 Northeast Region Conference, to be held 
October 5-8 at the Lord Baltimore Hotel in Balti- 
more, Md., will feature 35 papers and 3 plant visits 
in the technical program. 

The technical papers will be presented in seven 
symposia. A complete program including meeting 
times and hotel rooms is given below. 


Technical Committee Meetings 

Five technical committee meetings will be held dur- 
ing the conference: T-3G, Cathodic Protection, 
T-2K-3, History and Results, Prefabricated Film for 
Pipe Line Coatings, T-4F-1 Materials Selection in 
the Water Industry, T-3F, Corrosion by High Purity 
Water and T-3G-1, Cathodic Protection of Hull Bot- 
toms of Ships. All technical committee meetings will 
be held in the Phoenix Room of the Mt. Vernon 
Wing. 

Ladies Program 

Luncheons, coffee hours and tours of Baltimore 
and surrounding points of interest have been planned 
for the ladies activity during the conference. 

Other special conference activities include an oyster 
roast on Monday, October 5 and a banquet on Tues- 
day, October 6. 


Northeast Region Conference 


SCHEDULE OF EVENTS 


SUNDAY, October 4 


PM 
12-5 Registration, Ballroom Foyer 
2 Northeast Region Conference Chairmen, Maryland Room 
4 Northeast Region Board of Trustees, Maryland Room 
MONDAY, October 5 
AM 


7:30 Authors’ Breakfast, Maryland Room 
8-5 Registration, Ballroom Foyer 
9:30 Ladies Coffee Hour, Parlor H Mezzanine 
9:30 Conference Opening, Ballroom 
10:15-12:30 Theory of Corrosion Symposium, Ballroom 
10:15 Committee T-3G (Cathodic Protection), Mt. Vernon 
Wing 
PM 
12:30 Ladies Luncheon, Hutzlers 
2-5 High Temperature Symposium, Ballroom 
2-5 Cathodic Protection Symposium Part 1, Founder’s Room 
2 Committee T-2K-3 (History and Results), Mt. Vernon 
Wing 
2:30 Ladies Tour of Baltimore 
6:30 Oyster Roast 


TUESDAY, October 6 
AM 
7:30 Authors’ Breakfast, Maryland Room 
-5 Registration, Ballroom Foyer 
-12 Protective Coating Symposium Part 1, Founder’s Room 


9-12. Educational Film, Mt. Vernon Wing 
9-12 Handling Water Symposium, Ballroom 
10 Ladies Bus Tour of Annapolis 
PM 
12:30 Nuclear Reactor Visit 


1:30 Baltimore Works, Armco Steel Corporation Visit 

1:45 Southern Galvanizing Company Visit 

2 Committee T-4F-1 (Materials Selection in the Water 
Industry), Mt. Vernon Wing 

6:30 Fellowship Hour, Founder’s Room 

7:30 Banquet, Ballroom 


WEDNESDAY, October 7 
AM 
7:30 Authors’ Breakfast, Maryland Room 
8-2 Registration, Ballroom Foyer 
9-12:30 Protective Coatings Symposium Part 2, Ballroom 
9-12 Education Film, Mt. Vernon Wing 
9:30 Ladies Coffee Hour, Parlor H Mezzanine 


2-5 Special Topics Symposium Part 1, Ballroom 
5 Inhibitor Symposium, Founder’s Room 
Committee T-3F (Corrosion by High Purity Water), 
Mt. Vernon Wing 


THURSDAY, October 8 
AM 
7:30 Authors’ Breakfast, Maryland Room 
Committee T-3G-1 (Cathodic Protection of Hull Bottoms 
of Ships), Mt. Vernon Wing 
2 Cathodic Protection Symposium Part 2, Ballroom 
2 Special Topics Symposium Part 2, Founder’s Room 


9 
9- 
9- 


— 


Northeast Region Conference 


TECHNICAL PROGRAM 


MONDAY, October 5 
BALLROOM 


AM 
9:30 
Welcome and Introductory Remarks 
Kenneth M. Huston, Co-Chairman 1959 Regional 
Conference 
George E. Best, Vice President, NACE 
G. A. Rolak, Administrative Assistant, NACE 
Headquarters 
F. E. Costanzo, NACE Director Representing 
Northeast Region 
H. S. Preiser, Chairman, Technical Program 


Theory & Principles Symposium 


CHAIRMAN FRED REINHART, Supervising Research Engi- 
neer, Division of Metallurgy, National Bureau of Standards, 
Washington, D. C. 
10:15 
1 Theory of Bimetallic Corrosion, by M. J. Pryor, 
Metals Research Laboratories, Olin Mathieson 
Corp., New Haven, Conn. 


il 
2 Theory of Stress Corrosion Cracking, by H. R. 
Copson, Research Laboratories, International 
Nickel Co., Inc., Bayonne, N. J. 
11:45 


3 Electrochemistry of Pitting Corrosion, by N. D. 
Greene, Union Carbide Metals Co., Niagara Falls, 
ME 


Cathodic Protection Symposium Part 1, 
Marine 


CHAIRMAN SIDNEY TUDOR, Supervisory Chemist, Elec- 
trochemistry Unit, Material Laboratory, New York Naval 
Shipyard, Brooklyn, N. Y. 

PM 

2 


4 Service Test Experience With an Automatically | 
Controlled Platinum Anode Cathodic Protection u 
System of an Active Destroyer, by R. C. Francis 
and L. S. Birnbaum, Bureau of Ships, Navy De- 
partment, Washington, D. C. 

(Continued on Page 74) 








L 15 August, 1959 NACE NEWS 73 


Propane-soluble 


additive UNICOR LHS 


proves superior as detergent, 
corrosion inhibitor 


or anti-icer! 


Added to your gasoline as anti-icer, UNICOR LHS does 
an effective job in ponventing ane vereie icing and consequent 
stalling. In addition, UNICOR LHS imparts greater 


oms 









hi detergency to your gasoline than the best competing additives 
ce —and at lowest cost. 
But in addition to improving the quality, and hence the 
M salability, of your gasoline, UNICOR LHS performs these 
aie money-saving services for you: 
A surface active additive, soluble in all hydrocarbons including 
liquid propane, UNICOR LHS safeguards pipelines and refinery 
equipment against corrosion. It is also a highly effective detergent— 
eliminates troublesome deposits in heat exchangers, promotes 
cleanliness of refinery equipment. 
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Get the facts about this superior 
triple-purpose additive today. Write 

bao or phone our Products Department 
val for information and samples. 


lly 30 Algonquin Road, 
| UMIVERSAL OIL PRODUCTS COMPANY cD Dee Picinee Mh U.S.A. 
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Northeast Region Conference 


TECHNICAL PROGRAM 


(Continued From Page 72.) 


Electrical Significance of Cathodic Protection on 
Hazardous Area Steel Docks, by T. A. Mullett 
and J. W. Johnstone, Jr., Atlantic Refining Corp., 
Inc., Philadelphia, Pa. 


6 Some Studies on the Effects of Cathodic Protec- 
tion on Cavitation Damage, by B. H. Tytell and 
R. L. Burnett, Boston Naval Shipyard, Boston, 
Mass., and H. S. Preiser, Bureau of Ships, Navy 
Department, Washington, D. C. 


Effect of Impurity Elements and Water Velocity 
on Performance of Zinc, Aluminum-Zinc and 
Magnesium Alloy Anodes, by J. L. Basil, U. S. 
Naval Engineering Experimental Station, Ann- 
apolis, Md. 


FOUNDER’S ROOM 
High Temperature Corrosion Symposium 


CHAIRMAN HUGH L. LOGAN, Physicist, National Bureau 
of Standards, Washington, D. C. 


PM 

" Combatting Oil-Ash Corrosion in Navy Boilers, 
by B. B. Rosenbaum, Bureau of Ships, Navy De- 
partment, Washington, D. C. 


9 Some Observations on Effect of Caustic Solutions 
on Corrosion of Steel at 316 C, by M. C. Bloom 
and W. A. Fraser, Naval Research Laboratory, 
Washington, D. C. 


Studies of Elevated Temperature Corrosion of 
Type 310 Stainless Steel by Vanadium Com- 
pounds, by H. L. Logan, National Bureau of 
Standards, Washington, D. C. 


TUESDAY, October 6 
FOUNDER’S ROOM 


Protective Coatings Symposium Part 1 
CHAIRMAN LEON BIRNBAUM, head, Preservation, Deck- 


ing & Insulation Section, Navy Department, Bureau of Ships, 
Washington, D. C. 


AM 
9 


11 Structure and Characteristics of Hot-Dip Gal- 
vanized Coatings, by H. R. Breslau, Southern 
Galvanizing Corp., Baltimore, Md. 

9:45 

12 100% Non-Volatile Sprayable Epoxy Resins, by 

W. C. Naumann, Shell Oil Corp., Union, N. J. 
10:30 

13 Coating Performance by Statistical Means, by 

F. E. Cook and A. S. Marthens, Bureau of Ships, 


Navy Department, Washington, D. C. 
11:15 


14 Coal Tar Emulsion Coatings, by W. E. Kemp and 
J. J. Lane, Koppers Co., Inc., Verona, Pa. 


BALLROOM 


Corrosion in Handling Water Symposium 


CHAIRMAN SHEPPARD T. POWELL, Senior Partner, 
Sheppard T. Powell & Associates, Baltimore, Md. 


AM 
9 
15 Chromium Electroplates for Corrosion Protection 
of Stressed AISI 410 in High Temperature, High 
Purity Water, by H. Suss, Knolls Atomic Power 
Laboratory, Schenectady, N. Y. 
9:45 
16 Leaching Action of Various Materials by High 
Purity Water, by E. L. Knoedler and J. B. Good- 
son, Jr., Sheppard T. Powell & Associates, Balti- 
more, Md. 
10:30 
17 Power Plant Corrosion, by Piero Sturla, Societa 
Edisonvolta S.p.A., Milano, Italy 
11:15 
18 Applications of Aluminum Alloys for Handling 
Sea Water and Condensate, by R. L. Horst, Alu- 
minum Company of America, New Kensington, 
Pa. 


WEDNESDAY, October 7 
BALLROOM 


Protective Coatings Symposium Part 2 


AM 


9 
19 Marine Corrosion in Ships, by R. S. Capp, U. S. 
Coast Guard, 8th District, New Orleans, La., and 
B. J. Philibert, Pittsburgh Chemical & Coke 
Corp., Baltimore, Md. 
9:45 
20 Protection of Ship Hulls Against Corrosion, by 
B. J. Philibert and R. S. Capp 
10:30-12:30 
21 Round Table Discussion—Role of Recently De- 
veloped Resins in Corrosion Control 


21a Epoxies, by H. H. Flegenheimer, Devoe and 
Raynolds, Newark, N. J. 

21b Use of Polysulfides in Coatings, by P. W. Atkin- 
son, Thiokol Chemical Corp., Trenton, N. J. 

21c Recent Developments in Vinyl and Vyn-Al Coat- 
ings, by R. P. Devoluy, Glidden Paint Co., New 
York, N. Y. 

21d Urethane Coatings, by S. N. Ephraim, Reichhold 
Chemical Corp., Elizabeth, N. J. 

2le Inorganic Zinc Silicate Coatings, by W. A. 
Guerry, Amercoat Corp., Kennilworth, N. J. 

21f Role of New Resins as Linings of Petroleum Fuel 


Storage Tanks, by J. E. Cowling, Naval Research 
Laboratory, Washington, D. C. 


Special Topics Symposium Part 1 


CHAIRMAN CARL J. WESSEL, Director, Prevention of 
Deterioration Center, National Academy of Sciences, Wash- 
ington, 


PM 


22 Effect of Composition and Heat Treatment on 
the Stress Corrosion Cracking of Stainless Steels, 
by E. E. Denhard, Jr., Research Laboratories, 
Armco Steel Corp., Baltimore, Md. 

(Continued on Page 76) 
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No other supplier offers you as many materials or as much practical experience 
in corrosion control. Federated’s Corrosion Advisory Service can recommend the best for you from 
mong GALVANIC ANODES, magnesium and zinc; LEAD SHEET, PIPE, and FITTINGS; ZINC and 
INC ALLOYS for galvanizing; ZINC DUST; COPPER and ALLOYS; and PLATING MATERIALS, 
including copper, lead, cadmium, zinc, and silver anodes; nickel salts and addition agents for plating 
baths. One of Federated’s 22 sales offices is near you. Don’t hesitate, call us with your corrosion 
problems ... no obligation, of course. Federated Metals Division, 120 Broadway, New York 5. In 


Canada: Federated Metals Canada, Ltd., Toronto and Montreal. 
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Northeast Region Conference 


TECHNICAL PROGRAM 


(Continued From Page 74) 





2:45 
23 Stress Corrosion Cracking of Austenitic Stainless 
Steel in Uranyl Sulfate Solutions, by J. L. English 
and J. C. Griess, Oak Ridge National Laboratory, 
Oak Ridge, Tenn. 


24 Review and Current Status of Bacterial Corrosion, 
by R. L. Starkey, Rutgers University, New Bruns- 
wick, N. J. 


25 Interference Aspects of Forced Drainage Installa- 
tions Designed to Mitigate Corrosion of Under- 
ground Cables and Pipes, by S. C. Miller, Chesa- 
peake & Potomac Telephone Co., Baltimore, Md. 

FOUNDER’S ROOM 
Corrosion Inhibitors Symposium 


CHAIRMAN ALFRED DOUTY, Technical Director, Am- 
chem Products, Inc., Ambler, Pa. 


PM 
2 
26 Applications of Corrosion Inhibitors in the Steel 
Industry, by E. H. Phelps, Applied Research Lab- 
oratory, U. S. Steel Corp., Monroeville, Pa. 
2:45 
27 Inhibitors for Phosphoric Acid, by A. O. Fisher, 
Monsanto Chemical Co., St. Louis, Mo. 
3:30 
28 Researches on Corrosion and Inhibitors: Reaction 
Velocity in Corrosion of Iron by Aqueous Hy- 
drogen Sulfide and the Effect of Inhibitors, by 
G. S. Gardner, Amchem Products, Inc., Ambler, 
Pa. 
4:15 


29 General Discussion of the Use of Corrosion In- 
hibitors in Automotive Applications, by L. C. 
Rowe, General Motors Research Laboratories, 
Detroit, Michigan 


THURSDAY, October 8 


BALLROOM 


Cathodic Protection Symposium Part 2— 
General 
AM 


30 Cathodic Protection of Steel-Hydrogen Embrittle- 
ment Studies, by W. H. Bruckner, University of 
Illinois, and K. M. Myles, Argonne National Lab- 
oratory, Chicago, IIl. 


31 Properties and Applications of Platinum Coated 
Anodes, by C. E. Tirrell, Ionics, Inc., Cambridge, 
Mass. 


32 Preparation and Properties of a Stable Silver- 
Silver Chloride Electrode for Use in Sea Water, 
by M. H. Ortner, Vitro Laboratories, West 
Orange, N. J. 


33 Design Problems in Applying Permanent Cathodic 
Protection to Glass Lined Water Heaters, H. C. 
Fischer, Thermo-Craft Corp., Montville, N. J. 
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FOUNDER’S ROOM 


Special Topics Symposium Part 2 
AM 
9 


34 The Pentagon Story of Cathodic Protection, by 
L. A. Major, Chesapeake & Potomac Telephone 
Co., Washington, D. C. 
9:45 
35 Corrosion of a Single Crystal of Aluminum, by 
T. H. Orem, National Bureau of Standards, 
Washington, D. C. 


INDUSTRIAL MOTION PICTURE FILMS 
MOUNT VERNON WING 


TUESDAY, October 6, and WEDNESDAY, October 7 


9:30am Naval Research Laboratory Reactor. A color 


film description of this facility. An excellent 
picture for those unable to make the trip and 
a review for those who visited the facility. 


10 am Steel Spans the Chesapeake. (Bethlehem Steel 


Company) Building the four-mile, $44,000,000 
bridge across Chesapeake Bay. 


10:45am Refining Copper From Sudbury Ores. (Inter- 
national Nickel Co., Inc.) The nickel com- 
pany’s color motion picture describes the 
extraction and refining of copper from their 
Canadian ores. 


ABSTRACTS 


1 Theory of Bimetallic Corrosion by M. J. Pryor, Olin Mathieson Corp., 
New Haven, Conn. : ‘ 
Review present theories of bimetallic corrosion and subdivides experimental 
observations into two classes: (a) galvanic corrosion involving metals which 
behave in reversible fashion and (b) galvanic corrosion of metals which behave 
in an irreversible fashion. Aluminum is used as the example because both 
anodic and cathodic reactions occur at potentials widely different from the 
corrected Nernst potential. Aluminum’s irreversible nature as a cathode is 
related to high ohmic resistance of surface oxide film which at low current 
densities permits easy passage of electrons only at locations reflecting imper- 
fections in underlying metal due to causes such as grain boundaries, edge 
dislocations, etc. As an anode, aluminum exhibits a field limiting behavior 
because of a thin dielectric oxide film. This behavior is similar to that during 
anodizing aluminum in non-solvent electrolytes except that leakage currents 
are much higher. This aspect of irreversible anodic behavior is illustrated 
by experiments on aluminum-iron galvanic couple. 


2 Theory of Stress Corrosion Cracking by H. R. Copson, International 
Nickel Co., Inc., Bayonne, N. Y. 

Defines stress corrosion cracking and classifies kinds of cracking as failures 
involving stress-sorption cracking and as failures involving mechanical fac- 
tors. Reviews principal electrochemical mechanisms. 


3 Electrochemistry of Pitting Corrosion by N. D. Greene, Electro Metal- 
lurgical Corp., Niagara Falls, N. Y. 

Modern theories of pitting corrosion are discussed with relation to recent 
experimental results. Influence of environmental variables on pit growth 
characteristics is described. A new concept of electrochemical action during 
pitting, based on mixed potential theory, is proposed. 


4 Service Test Experiences With an Automatically Controlled Platinum 
: Anode Cathodic Protection System of an Active Destroyer by R. C. 
Ete a L. S. Birnbaum, Bureau of Ships, Navy Department, Washing- 
ton, i 
Discusses an automatically controlled platinum anode system used on a 
destroyer_to maintain hull potentials within close values for an 18-month 
— Corrosion was virtually eliminated during the service trial aside 
rom some operational difficulties. 


Electrical Significance of Cathodic Protection on Hazardous Area Steel 

Docks by T. A. Mullett and J. W. Johnstone, Atlantic Refining Corp., 
Inc., Philadelphia, Pa. 
Report is given on test data concerning clectrical situation at cathodically 
protected docks in petroleum service where hazardous atmospheres may 
exist such as ships, setting up conductor by which current can flow. Effect 
of rectifier operation while the ship is at dock is given. Results and conclu- 
sions of investigations are given of arc energy for the magnitudes encountered 
at cathodically protected steel docks. 






Some Studies on the Effects of Cathodic Protection on Cavitation Dam- 

age by B. H. Tytell, Boston Naval Shipyard, Boston, Mass., R. L. 
Burnett, Boston Naval Suppranes and H. S. Preiser, Bureau of Ships, Navy 
Department, Washington, D. C. 
Experiments are described showing the reduction of cavitation damage on 
manganese bronze and steel by applied cathodic currents. Current densities 
used are higher than those associated with cathodic protection of structures 
and_ ships. Outlines cavitation producing equipment used and _ discusses 
methods by which cavitation collapse on test specimen were ascertained. 
Reviews briefly mechanisms of cavitation with emphasis on how damage is 
thought to occur. New postulations are made on electrochemical aspects of 
cavitation damage and protection. 


(Continued on Page 78) 
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Bridgeport Brass Admiralty tubes are the 
heart of the Prop-R-Temp Heat Pump of Typhoon 
Heat Pump Company, a Division of HUPP Corporation. 


This remarkable Prop-R-Temp Heat Pump, a product of Typhoon Heat Pump 
Company , Tampa, Florida, heats, cools and dehumidifies. A key part of this 
unit is the tube-in-tube condenser coil which transfers heat from water to 
refrigerant, or reverse. This unique circular or rectangular coil consists of six 
%” O D Bridgeport Admiralty tubes nestled inside a larger, 1%” O D Admiralty 
tube. The six smaller tubes are inserted into a straight length of larger tube and 
then coiled or bent on blocks of various radii. This fabricating method requires 


closely controlled physical properties of tube to avoid distortion. The length 
HEAT PUMPS and number of coils—whatever their size—is subjected to a test of 1,000 Ibs. 

pressure before being accepted for application. 

Years ago, trouble was frequently experienced due to copper tube failure or 

excessive scaling caused by highly corrosive waters in certain localities. This 

failure was costly since,when it occurred, it was necessary to replace the entire 


condenser. 
Bridgeport came up with the answer—Admiralty tubes. Since the switch, over 
1 


,000 Typhoon heat pumps have gone into service without one instance of tube 
r failure due to corrosion in sizes varying up to 1,000,000 BTU’s. 


Here again is an example of how standard Bridgeport alloys overcame special 

fabricating and corrosion problems. It’s also an example of why it pays to take 
BRIDGEPORT advantage of Bridgeport’s outstanding metals know-how. Call in the Man from 

Bridgeport, today. There’s a Sales Office near you. Or write to Dept. 5804. 


TUBES BRIDGEPORT BRASS COMPANY = 43 


Bridgeport 2, Connecticut « Sales Offices in Principal Cities Br, dgep rt 
Specialists in Metals from Aluminum to Zirconium 
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Effect of Impurity Elements and Water Velocity on Performance of 

7 Zinc, diecimee: inc and Magnesium Alloy Anodes by J. L. Basil, 
U. S. Enginering Experimental Station, Annapolis, Md. 2 

Comparison is given of behavior in natural sea water of aluminum alloy 

XB605, magnesium alloy AZ-63 and high purity zinc anodes. Current output 

of aluminum alloy decreases as the iron content increases. Copper has no 

significant effect on current output of magnesium alloy. Corrosion rate and 


current output are higher in moving than in quiescent sea water, but galvanic 
efficiency is unchanged. 


8 Combatting Oil Ash Corrosion in Navy Boilers  ». B. Rosenbaum, 
Bureau of Ships, Navy Department, Washington, D. C. 

Catastrophic attack of superheater components in Navy boilers by molten 
sodium vanadate slags from combustion of residual fuel oils is discussed. 
Examples of failure of Type 310 alloy superheater tube supports in less than 
2000 steaming hours are cited. Describes in detail the Navy’s research and 
development program to prevent or control such attack. Studies given include 
superheater design, fuel additive treatments, protective coatings and new 
resistant materials such as alloys, cermets and ceramics. Also gives details 
of an experimental alloy and results of fundamental research on the mechan- 
ism of sodium vanadate attack. 


9 Some Observations on Effect of Caustic Solutions on Corrosion of Steel 
at 316 C by W. A. Fraser and M. C. Bloom, U. S. Naval Research 
Laboratory, Washington, D. C. ; 

The Hydrogen effusion methud developed for measurement of corrosion rates 
at elevated temperatures and pressure has been applied to the examination of 
the effect of NaOH upon the rate and nature of attack on mild steel at 
316 C. Results of experiments with solutions of concentrations to 40% NaOH 
are described. 


10 Studies of Elevated Temperature Corrosion of Type 310 Stainless 
Steel by Vanadium Compounds by H. L. Logan, National Bureau of 
Standards, Washington, D. C. 

Describes an investigation made of the attack at elevated temperatures of 
Type 310 stainless steel by vanadium compounds. Effects of atmospheres such 
as moist and dry air and helium on the type and intensity of attack have 
been studied. Microscopic examinations of the interface between the steel 
and solid compound (slag) have been made also. Results of s ectochemical 
analyses of the slag and steel and X-ray diffraction data on the slag are given. 


11 Structures and Characteristics of Hot-Dip Galvanized Coatings by 
H. R. Breslau, Southern Galvanizing Co., Baltimore, Md. 

Discusses factors which affect the physical and metallurgical structures and 

characteristics of the iron-zinc alloys basic to hot-dip galvanizing after fabrica- 
tion method as distinguished from the controlled thickness coatings produced by 

continuous sheet and strip lines or the wire lines of steel mills. 


1 100% Non-Volatile 2 Epoxy Coatings by W. C. Naumann, 
Shell Chemical Corp., Union, N. f° . 
Presents survey of recent work to meter and mix epoxy resins and curing 
agents so they can be sprayed like conventional coatings. Also discusses 
formulation developments that have produced highly chemical resistant, 
flexible epoxy coatings. These coatings, free of solvent, presents no danger 
from fire or health standpoints and are easily applied in heavy film thick- 

nesses in one operation. 


13 Coating Performance ay! Statistical Methods by F. E. Cook and A, Ss. 
Marthens, Bureau of Ships, Navy Department, Washington, D. C. 
Report is given on exposure test of painted steel drums at Kure Beach, 
North Carolina, Comparison is made of four paint formulations: one and 
two coat applications, in two colors on four different types of steel surface 
treatments. A method of evaluating the condition of paint on steel is de- 
scribed and its use is illustrated by tests of painted steel drums. Statistical 
analysis of the data provides assurance of correct interpretation of the results. 


1 Coal Tar Emulsion Coatings by W. E. Kemp and J. J. Lane, Koppers 
Company, Inc., Verona, Pa. 

Discusses emulsions formulated from coal tar, fillers and water as barrier 
coatings, as top coat for other bituminous coatings and as seal coating for 
asphalt and concrete surfaces against deteriorating effects of fuel spillage and 
de-icing salts. New modifications of coal tar base with polymeric materials 
and new pigments has developed emulsion coatings with outstanding physical 
and chemical resistance. Examples of each type and their serviceability in 
a variety of corrosive environments and applications are discussed. 


15 Chromium Electroplates for Corrosion Protection of Stressed AISI 
410 in High Temperature, High Purity Water by H. Suss, Knolls 
Atomic Power Laboratory, Schenectady, N. Y. 

Presents variations in results obtained on use of chromium plate for protec- 
tion of AISI 410 (RC 36-42, tempered at 650 F) against stress corrosion 
cracking on exposures to various high temperature waters at 300 F. Bases 
for variations are discussed. Value of chromium plate for protection of soft 
(RC 20-30, tempered at 1125 minimum) AISI 410 against pitting attacks 
in oxygenated water is also given. 


1 Leaching Action of Various Materials by High Purity Water by E. L. 
Knoedler and J. B. Goodson, Jr., Sheppard T. Powell & Associate, 
Baltimore, Md. 
There must be a minimum of contamination of high purity water by leaching 
action upon materials in contact. This may be of greater importance than 
protection of the materials. Many materials have been tested to determine 
their suitability for this service. Coating in contact with such waters have 
received special attention. Increasing interest in condensate scavenging for 
modern steam generators adds to the importance of data in this field. 


18 Applications of Aluminum Alloys for Handling Sea Water and Con- 
densate by R. L. Horst, Aluminum Company of America, New 
Kennsington, Pa. 
Discusses aluminum applications for saline water equipment and suitability 
of these applications. Also discusses corrosion design considerations and service 
experience. 


1 Marine Corrosion in Ships by R. S. Capp, U. S. Coast Guard, New 

_ Orleans, La., and B. J. Philibert, Pittsburgh Chemical & Coke Corp., 
New Orleans, La. 

Marine corrosion in ship hulls is a major cause of severe maintenance costs. 

Many areas which are most heavily attacked are difficult to reach. Sometimes 

extent of corrosion is not observed until perforation of metal occurs. Except 
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for mechanical damage as in a collision, most perforations in hulls proceed 
from inside to outside. Severe corrosion appurtenances and attachments is a 
continuing problem. 


20 Protection of Ship Hulls Against Corrosion by B. J. Philibert, Pitts- 
burgh Coke & Chemical Corp., New Orleans, La., and R. S. Capp, 
U. S. Coast Guard, New Orleans, La. 3 s 

Conventional drying oil paints and oleoresinous materials have not been a 
satisfactory answer to the continuing problem of adequate protection of shi 
hulls against corrosion. Vinyls, coal tar epoxies and catalyzed epoxies provide 
longer term protection and in many cases solve the severe corrosion problem 
completely. Conorveuiiing mastic insulation based on Gilsonite now provides 
corrosion protection of steel under the insulation. 


Pla yr by H. H. Flegenheimer, Devoe and Raynolds, Newark, 


Reviews recent developments in epoxy coatings including current uses of 
coatings in appliances, automotive, industrial maintenance and marine appli- 
cations. Discussions are included of novel application techniques such as 
thick film coatings, fluidized bed coatings, coal tar epoxies and 100% N.V. 
spray coatings. 


21b Use of Polysulfides in Coatings by P. W. Atkinson, Thiokol Chem- 
ical Corp., Trenton, N. J. : 
Five coating systems in which polysulfides are used will be discussed: liquid 
polymer-epoxy resin combinations, reverse phase types, liquid polymer paints, 
water dispersed system and flame spray powder. 


2 1 Recent Developments in Vinyl and Vyn-Al Coatings by R. P. 
Cc Devoluy, Glidden Paint Co., New York, N. Y. ; 
Discusses recent formulation improvements which have made the vinyls 
easier to apply and to a greater film thickness per coat. Also includes vinyl- 
alkyds whic have shown good gloss and color retention. 


2 1 d Urethane Coatings by S. W. Ephraim, Reichold Chemical Corp., 
Elizabeth, N. J. 

Discusses characteristics and properties of urethane coatings and the four 

basic types. Baked urethanes and curing at atmospheric temperatures are 

included. Briefly reviews the limited literature on urethanes. 


21 Inorganic Zinc Silicate Coatings by W. A. Guerry, Americoat Corp., 
€ Kennilworth, N. J. 

Includes discussions on the chemical and physical properties of zinc silicate 
coatings with typical uses and results. Examples of industrial experience will 
include uses of the coating in the petroleum, water works, chemical and 
marine industries. 


P1f Role of the New Resins as Linings of Petroleum Fuel Storage Tanks 
by J. E. Cowling, Naval Research Laboratory, Washington, D. C. 
Presents laboratory evaluation of polysulfide elastomers of organic film-forming 
polymers as linings of fuel storage tanks. An aqueous dispersion of a poly- 
sulfide elastomer with the copolymer of the vinylidene chloride or - the 
acrylonitrile has proved most suitable for use in concrete tanks. Discusses 
research to develop satisfactory linings for all types of fuel storage structures 
which can be applied without the use of hazardous thinners. 


292 Effect of Composition and Heat Treatment on Stress Corrosion 
Cracking of Austenitic Stainless Steels by E. E. Denhard, Jr., Armco 
Steel Corp., Baltimore, Md. 

Describes development of a multiple notch tensile test to investigate stress 
corrosion cracking in boiling 42% magnesium chloride. Samples were exposed 
at various applied stresses in both liquid and vapor phases until fracture 
occurred. 

Effect of alloy composition was investigated by varying individual elements 
in an 18% Cr-12% Ki matrix. Results obtained by varying the significant 
elements are given. 

Results of several test procedures used are discussed in comparison with 
current theories on stress corrosion cracking. 


23 Stress Corrosion Cracking of Austenitic Stainless Steel in Uranyl Sul- 
fate Solution by J. L. English and J. C. Griess, Oak Ridge National 
Laboratory, Oak Ridge, Tenn. 

Discusses effects of variables on stress corrosion cracking behavior of austenitic 
stainless steel Type 347 in a simulated aqueous homogeneous reactor fuel 
solution. Results show sensitivity to cracking was independent whether solu- 
tions were air-aerated or sparged with helium to remove oxygen. Susceptibility 
also was independent of surface preparation. Pre-filming treatment in same 
fuel solution but without chloride added was 100% effective against cracking 
when chloride was added. Immunity to cracking was obtained whether speci- 
mens were pre-filmed before or after stressing. Bromide and iodide ions did 
not produce cracking. 


24 Review and Current Status of Bacterial Corrosion by R. L. Starkey, 
Rutgers University, New Brunswick, N. J. 

Discusses micro-organisms as baving corrosive effects on many metals, in 
particular steel and cast iron, but they do not act directly on the metals. 
Their corrosive effects are brought about by substances they produce during 
growth on the organic or inorganic compounds of their environments. These 
products react directly with the metal. Micro-organisms also can become 
corrosive under aerobic and anaerobic conditions and in soil, water and indus- 
trial plants. 


95 Interference Aspects of Forced Drainage Installations Designed to 
Mitigate Corrosion of Underground Cables or Pipes by S. C. Miller, 
Chesapeake and Potomac Telephone Company of Maryland, ‘tedtenaes, Md. 
Presents general principals applicable to engineering design and installation 
of forced drainage systems (sometimes called cathodic protection systems) 
to protect wire line communication plant from noise induction and other 
types of interference that result from operation of such systems under certain 
conditions. Mechanics and control of noise induction into the telephone 
plant are discussed with earth potential effects and precautions to be observed. 


26 Application of Corrosion Inhibitors in the Steel Industry by E. H. 
Phelps, U. S. Steel Corp., Monroeville, Pa. 

Discusses present applications of corrosion inhibitors in steel industry 
including use in slushing oils to prevent staining of sheet steel during 
storage and to prevent corrosion during pickling. Current research is given 
to emphasize need for improved inhibitors. Also discusses new applications 
including use of vapor-phase inhibitors for steel packaging. 


27 Inhibitors for Phosphoric Acid by A. O. Fisher, Mansanto Chemica? 
Co., St. Louis, Mo 

Presents procedures for laboratory screening and follow-up field evaluation 
of mineral acid inhibitors. Corrosion rates of steel and other metals in 
phosphoric acid under various conditions are given. Also discusses cost com- 


parisons and other criterion to be considered in the commercial development 
of an inhibitor. 


(Continued on Page 80) 
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View showing Roskote Mastic being applied mechani- 
cally to a portion of Oklahoma Pipeline Constructors, 
Ltd. spread. Following minor modifications to the hot 
dope machine shown, an 8-man dope crew averaged 
10,000 to 12,000 feet per day. Only one supply 
kettle was necessary, as Roskote is applied cold. 


Roskote Applied Cold with Line Travel 
Equipment on Trans-Canada 30 Inch 


Over rough terrain, with a right of way that crossed 
solid granite, muskeg, swamp and glacial till, and 
working under adverse weather conditions, the world’s 
longest and most difficult pipeline construction — 
Trans-Canada Pipe Lines, Ltd. — has been completed. 

One contributing factor in the success of this con- 
struction was the adaptation of standard line travel 
dope machines for the easy application of Roskote cold 


*Contractors on Trans-Canada who applied Roskote by line travel 
equipment: 
Morrison-Shivers, Ltd., Majestic Contractors, Ltd., 
B. C. Rivers Construction, Ltd., Dutton-Williams Brothers, Ltd. 
and Oklahoma Pipeline Constructors, Ltd. 


ROYSTON LABORATORIES, Inc. 
Blawnox, Pittsburgh 38, Pa. 
A LEADER IN THE FIELD OF INDUSTRIAL 
COATINGS FOR CORROSION CONTROL 


ATLANTA @¢ CHICAGO °¢® HOUSTON 
PHILADELPHIA @¢ SAN DIEGO e@ TULSA 


mastic. This combination of Roskote Mastic and modi- 
fied line travel machines made possible the coating of 
ten to twelve thousand feet per day of 30-inch piping 
on the downstream side of the compressor stations. 

Contractors* were able to carry on the coating 
operation with an 8-man dope crew, using only one 
supply kettle, requiring no heating fuel and thereby 
eliminating toxic fumes and fire hazard. 


ROYSTON LABORATORIES, Inc. 
Pittsburgh 38, Pa. 


Please send me complete information about the econotnics and appli- 
cation of cold-applied Roskote Mastic with line travel equipment. 


Name 
Company 
Address. 


City 
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2 Researches on Corrosion and Inhibitors: Reaction Velocity in the 
Corrosion of Iron by Aqueous Hydrogen Sulfide and the Effect of 
Inhibitors by G. S. Gardner, Amchem Products, Inc., Ambler, Pa. 
Corrosion rate of iron was measured in sodium chloride brine containing 1000 
to 2000 ppm of hydrogen sulfide H2S in the presence and absence of an oil 
phase, in the absence of added inhibitor and was expressed by a previously 
developed rate equation. Results show inhibitor addition brings about a 
profound change in the reaction mechanism, efficient inhibitors changing 
the reaction from apparent first order diffusional type to a zero reaction. 


29 Some Reflections on the Automotive Sos of Corrosion Inhib- 
itors by L. C. Rowe, General Motors rp., Warren, Michigan. 
Discusses a few laboratory and service experiences in the use of inhibitors 
for temporary parts protection, engine coolants, gasolines, metal surface 
treatments and coatings and de-icing salts. Use - inhibitors for de-icing 
salts is reviewed in relation to degree of protection provided. 


30 Cathodic Protection of Steel-Hydrogen Embrittlement Studies by 
W. H. Bruckner, University of Illinois, Urbana, and K. M. Myles, 
Argonne National Laboratory, Urbana, II] 

Cathodically protected sections of hot rolled 2-inch steel pipe were subjected 
to low temperature bend tests. For M (N-80) steel, cathodic protection for 
10 months under conditions of high tensile stress and excessive protection 
gave no indication of static failure or loss of strength and ductility in destruc- 
tive tests upon removal from cathodic protection, Other steels tested were 
API grades A and B. 


31 Properties and Applications of Platinum Coated Anodes by C. E. 
Tirrell, Ionics Incorporated, Cambridge, Mass. 

Discusses use of platinum coated anodes in electrodialysis under operating 
conditions from 10 to 30 amperes per square foot with electrolyte concen- 
trations from 3000 ppm brackish water to 36,000 ppm sea water. 


32 Preparation and Properties of a Stable Silver-Silver Chloride Electrode 
for Use in Sea Water by M. H. Ortner, Vitro Laboratories, West 
Orange, N. J. 

Discusses research of eight basic types of reversible electrodes surveyed with 
reference to their probable behavior in sea water. Estimates were made of 
the bias potentials expected between a group of electrodes in sea water due 
to thermal and salinity gradients, concentration polarization, attack by 
bromide ions and motion through the earth’s magnetic field. Describes method 
of preparing the electrodes and the effect of their properties on behavior 
in sea water. 


‘ 
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33 Design Problems in Applying Permanent Cathodic Protection to Glass 
- eT Water Heaters by H. C. Fischer, Thermo-Craft Corp., Mont- 
ville, N. J. 

Investigation results on electrical resistances of production glass linings of 
domestic water heater tanks are presented with the conclusion that single 
coated enameled tanks have 0.02 to 0.09 square centimeters per square foot 
of holidays. A method using a saturated calomel reference cell to determine 
if all tank parts are protected is described and results on several tanks plotted. 

Difficulties in cathodically protecting inlet and outlet fittings are discussed. 
A method is shown for correcting plastic liner difficulties and before and 
after voltage profiles are plotted. 

An economical platinum clad tantalum anode is described. Use of high 
voltage plus use of high external resistance is shown to provide relatively 
constant current caimnetians of water conductivity. A <csliianmeie current 
is shown to be effective in protecting good quality glass lined tanks. 


34 The Pentagn Story of Cathodic Protection by L. A. Major, Chesa- 
peake and Potomac Telephone Company of Maryland, Baltimore, Md. 
Reviews early history of lead sheath cable failures and the control measures 
taken to alleviate troubles. Configuration of the several underground struc- 
tures, water, power and communication is discussed with the effects of 
reduction current from temporary test anode beds. Includes a description of 
a cathodic protection system using several high silicon iron duct anodes and 
four high silicon iron deep anodes placed at bedrock. 


3 5 Corrosion If a Single Crystal of Aluminum by T. H. Orem, National 

Bureau of Standards, Washington, D. C. 
Work on single crystals of aluminum revealed that there is a radical differ- 
ence in aluminum’s behavior in acids and caustics, the behavior in both being 
very orderly. When the corrodent is aqua regia, the attack on aluminum is 
rapid in a direction normal to close-packed arrangement of atoms, but the 
attack is slowest in this particular caatee when the corrodent is a 15% 
solution of NaOH. Differences between the attack rates in directions normal 
to various surface atomic arrangements are illustrated by changes in shape 
of spheres, discs and other geometrical shapes after exposure to various 
corrodents. 


y —~ _~ 


Technical Topics to Be 
Included in Annual Index 


| Technical Topics will be included in CORROSION’s 
annual index. The Topics also will be included in the 
alphabetical subject and author index. 
Persons who customarily extract Technical Section 
pages from each issue for binding are reminded that 
the Technical Topics pages should be extracted also 


for a more complete reference to technical informa- 


tion published in CORROSION. t 


fair. .. Super Market for Cathodic Protection Equipment! 


Here’s a one-source method of 
ordering all cathodic protection 
materials and equipment. YOU 
benefit through immediate deliv- 
ery ... the writing of one order 
... the receiving of one shipment. 
YOU save through the expected 
economies of large purchases and 
simplified shipping. 

HARCO .. . first in the field of 
cathodic protection stands 
ready to serve you NOW. 


ANODES 


Cleveland « Atlanta 

Chicago * Houston 

Los Angeles * Minneapolis 

New York * Oklahoma City 

Pittsburgh * Salt Lake City 
Seattle + St. Louis 


ANODES ANODES 


NATIONAL CARBON + GRAPHITE DURIRON 


BRAZING EQUIPMENT 


POLYKEN 


THE HARCO 
CORPORATION 


4592 East 71st Street, 
Cleveland 25, Ohio 
VUlIcan 3-8787 
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Standardization of materials used in the 
Tube-Kote automatic coating process is vital to 
maintaining desired quality. Any variation of 
pigment, binder or solvent will change the 
thickness, flow and uniformity of the coating. 
Tube-Kote researchers test all materials 

before they are used in the plants to make certain 
that they meet specified standards. 

Tube-Kote employs a large, full-time research 
laboratory to maintain quality control . . . 

to develop new and improved coatings . . . to 
solve special coating problems for customers . . . 
to keep Tube-Kote foremost in the industry 

it created almost 20 years ago. 


NEWS 
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Why Coatings Are Consistently Superior In Quality 


Quantitative and viscosity tests are 
run on every batch of coating to 
make sure that all components are 
in balance as prescribed in the 
original coating formulation. 


Tube-Kote research controls every 
step from the formulation of a new 
coating to the testing of its effec- 
Sane 


i 


Ee 


Service Mark Reg. U. S. Pat. Off. 
P. 0. Box 20037 © Houston 25, Texas 
Branch Plant a Harvey, La. 


TUBE-KOTE RESEARCH AND SUPERIOR METHODS BRING YOU MORE DURABLE COATINGS AND FASTER SERVICE . . . AT LOWER COST PER FOOT! 
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A “PRUFCOAT PRODUCT” PROFILE 


(one of a series) 


Oh, brother! 
Why did I 
ever buy 


that"or equal" 
imitation of 


NACE NEWS 


Prufcoat "A" Series Vinyl ? 


Put away the crying towel, friend. It happens to the best 
of them. A specifications engineer decides on Prufcoat “A” 
Series Vinyl—spells everything out carefully—then, out of 
habit, tacks on that easy-to-write, but hard-to-prove, “or 
equal” bit. And later, the guy with on-the-job buying 
responsibility settles for an “or equal” imitation. 

Sure, maybe he saves a few pennies on the purchase 
order. But he never gets to enjoy the money-saving benefits 
of Prufcoat Service—and he starts losing dollars fast once 
application problems crop up, once the coating starts to 
deteriorate, once corrosion gains the upper hand. 

Why take chances? Top companies today specify Prufcoat 
“A” Series Vinyl—and stop right there. For compelling 
reasons, too. 

As a general-purpose corrosion resistant coating for both 
maintenance and new construction, “A” Series offers you 
the best balance of properties to be found in a single coat- 
ing formulation. You are assured of the high degree of 
chemical resistance you are entitled to expect from a top- 
quality vinyl coating. Ease of application rivals that of 
conventional oil paints. You brush or spray without thinning. 


Yet, solids content is higher than the average general- 
purpose vinyl. You get essential minimum coating thickness 
in fewer coats. 

Prufcoat “A” Series Vinyl bonds securely to any of the 
wide array of Prufcoat primers, sealers and undercoaters 
that accommodate just about every surface—and surface 
condition—you are likely to run up against. You are assured 
of trouble-free applications and years of low-cost service life. 


4 PRU meen 


eh a ee COATINGS 


WHY NOT PUT PRUFCOAT PRODUCTS TO WORK FOR YOU? 


Your Prufcoat service representative can show you how to 
put Prufcoat corrosion resistant primers and coatings to 
most effective, money-saving use. There is no cost or obliga- 
tion. Just write or call @ @ @ 


PRUFCOAT LABORATORIES, INC. 
Main Office & Plant: 63 Main St., Cambridge 42, Mass. » New York Sales Office: 50 East 42nd Street, New York 17, N. Y. 


Warehouses: Atlanta—Buffalo—New Orleans—San Francisco—Seattle 
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P. W. ATKINSON is a section head at Thiokol Chemical Corp., Trenton, 
N. J. He has a BS from Youngstown University and a MS from Ohio 
State University. He is a member of the Engineering Society of Detroit 
and the American Chemical Society’s Rubber Division. 


i; L. BASIL is a project engineer in the Metallurgy Department of the 

S. Naval Engineering Experiment, Station, Annapolis, Md. He has 
is ialized in marine corrosion_work since 1946 and has been an NACE 
—— since 1947, He has a BS in engineering science from St. John’s 
College. 


Rosenbaum L. S. BIRNBAUM is head of the Hull Preservation, Decking and Insula- 
tion Section of the Bureau of Ships, Navy Department, Washington, 
D. C. He has a BS in chemistry from New York City College and is a 
graduate in chemistry from the University of Maryland. He is a member 
of NACE and the American Chemical Society. 


M. C. BLOOM, consultant for the Metallurgy —— of the U.S. 
Naval Research Laboratory, Washington, D. C., has a BS in chemical 
engineering and a PhD in physical chemistry from MIT. He is a member 
of ACS, ASM, Crystallographic Association, Electrochemical Society, 
Electroplaters Society and NACE. 


H. R. BRESLAU is vice president and general manager, of Southern 
Galvanizing Co., Baltimore, Md. He has a degree in electrical engineer- 
ing from Johns Hopkins University and is a member of the American 
= nrir.G yalvanizers Association, Maryland Association of Engineers 
and NAC 


W. H. BRUCKNER is professor of metallurgical engineering and tech- 
nical director of the Cathodic Protection Laboratory at the University 
of Illinois. He has writen papers on cathodic protection of lead cable 
nr and has been active in research on metallurgy and welding 
ro 4 S. 

Starkey Sturla ener 
R. L. BURNETT, a supervisory chemist at the Boston Naval Shipyard, 
has been active in development work for the cathodic protection of ship 
bottoms and in exploring the mechanism of cavitation damage of pro- 
pellers and ship a s. He is a graduate of Northeastern University 
and a member of NACE Technical Committee T-3G. 


R. S. CAPP, a lieutenant commander in the Coast Guard, is chief of 
the Naval Engineering Section, Eighth Coast Guard District, New 
Orleans. He is a member of the Society of Naval Architects and Marine 
Engineers, American Society of Naval Engineers and an _ associate 
member of American Welding Society. 


F. E. COOK is supervising materials engineer with the Navy Depart- 
ment’s Bureau of Ships, Washington, D. C. He has a BS in_ chemistry 
from Roanoke College and a MS in chemical engineering from Ohio 
State University. He is a member of NACE, ACS and ASNE 


H. R. COPSON is head of the corrosion section of the Research Labo- 
ratory, International Nickel Co., Inc., Bayonne, N. J. He has a BS 
tt the University of Masachusetts and a PhD in physical chemistry 
from Yale. He has been active in corrosion research since 1934. 


(Continued on Page 86) 
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Announcing 


WG 
NEW.. 


“KARBATE’ GLOBE VALVE r¥PE ( 


Principal design features: 
National Carbon Company announces the avail- 


@ “Teflon” plastic to carbon seat— provides positive 
seal when valve is closed. 

@ Metal handwheel to’’Karbate” spindle thread design 
— provides long operational life — no binding 
because of corrosion. 

@ Non-rotating spindle—simplifies spindle packing 
problem. Provides leak-tight seal using a variety 
of packings such as asbestos impregnated with 
“Teflon” plastic, braided ‘‘Teflon” plastic, asbestos 
impregnated with graphite and elastomers. 

@ Lubricated ball-bearing handwheel to yoke arrange- 
ment — provides easy movement of handwheel with 
positive lock to yoke. 

@ Armored design—prevents outside shock damage. 
@ Positive indication of open and closed positions. 
@ Valve can be adapted to motor operation. 


ability of a completely new ‘“‘Karbate” impervious 
graphite globe valve. The many new design fea- 
tures of this valve were performance tested for 
approximately 1 year prior to adoption. 


@ Almost universal corrosion resistance —can be used 
in a wide variety of corrosive chemicals. All 
, wetted parts are ‘““Karbate” impervious graphite 
Photo shows test equipment for opening and closing valve or “Teflon” plastic. 
$ 
nel sarge ami a he ied Lng wake Presently, this valve is available in the two inch 
thrsads, sealing qualities of the “Teflon” plastic to carbon size. One inch, one and one-half inch, three inch 


seat, and the leak-proof operation of spindle packings. ra four inch valves will be added to the line in 
the future. 


Tred.) 
“National’’, ‘‘Karbate’’ and ‘Union Carbide’’ are registered trade-marks of Union Carbide Corporation bor ti i- ile] 
NATIONAL CARBON COMPANY »° Division of Union Carbide Corporation + 30 East 42nd Street, New York 17, N.Y. 


SALES OFFICES: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco « IN CANADA: Union Carbide Canada Limited, Toronto 
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J. E. COWLING is in charge of the organic coatings section of the 
ee and Biological Chemistry Branch of the U. S. Naval Research 
Laboratory. He has a BS in chemical engineering from Virginia Poly- 
technical Institute and is a member of NACE, ACS and Society of 
American Military Engineers. 


E. E. DENHARD, IR, is senior research engineer with Armco Steel 
Corp., Baltimore, Md. He has a BS from Purdue University and 
from Johns Hopkins University. He is a member of ASM and Maryland 
Institute of Metals. 


R. P. DEVOLUY is marine manager of Glidden Company, New York, 
N. Y. He has a BS and MS in chemical engineering, has written tech- 
nical papers on coatings and marine corrosion and is a member of NACE, 
ACS and Society of Naval Architects and Marine Engineers. 


J. L. ENGLISH is a group leader in the Solution Materials Corrosion 
Section at Oak Ridge aaa og a He has a BS in chemical 
engineering from Syracuse University, has written technical reports on 
corrosion of aluminum and its alloys in aqueous systems and is a member 
of NACE, RESA and ASM. 


S. N. EPHRAIM is head of polyurethane and epoxy resin research and 
development at Reichhold Chemical Corp., Elizabeth, N. J. He has a 
BS in chemistry from the University of Michigan and a MS from Poly- 
technic Institute of Brooklyn. He is a member of ACS, SPI and ASTM. 


H. C. FISCHER is vice president of Thermo-Craft Corp., Montville, 
N. J. Formerly he was associated with Temprite Products Co. Detroit, 
and Ebco Mfg. Co., Columbus, Ohio. He has a BS in chemical engi- 
neering and a MS in metallurgical engineering from the University of 
Michigan a is a member of NACE and chairman of Technical Com- 
mittee T-4E. 


A. O. FISHER is corrosion consultant and laboratory supervisor in 
Monsanto Chemical Company’s corporate corrosion group at St. Louis, 
Mo. He has a BS in chemical engineering from Northeastern University 
and has been associated with Monsanto since 1944. He is a member of 
NACE, ASM and ACS. 


H. H. FLEGENHEIMER, technical director em seters industrial and 
marine divisions of Devoe & Raynolds Co., In has a BS in chemical 
engineering from the Cooper Union School “3 “Engineering and a MS 
from the Polytechnic Institute of Brooklyn. He is a member of NACE, 
ACS and the New York Paint and Varnish Production Club. 


R. C. FRANCIS is a_general_engineer with the Navy  Department’s 
3ureau of Ships, Washington, D. C. He_ has a BS in chemistry from 
Bridgewater College and is a member of NACE. 


W. A. FRASER is a physical chemist with the Naval Research Labora- 
tory, Washington, D. C. Author of corrosion studies in high temperature 
water by a hydrogen effusion method, he has a BS from Ohio University 
and is a member of ACS. 


G. S. GARDNER, research chemist with Amchem Products Inc., has 
written several technical papers and holds patents on several corrosion 
inhibitors. He is a member of NACE, Franklin Institute, API, AAAS, 
ACS and American Institute of Chemists. 


J. B. GOODSON, JR., is senior engineer with Sheppard T. Powell and 
Associates, Baltimore, Md. He has a BS from the U niversity of Florida 
and served as a lieutenant colonel in the U. S. Army Chemical Warfare 
Service during World War II. 


N. D. GREENE is research metallurgist with Union Carbide Metals Co., 
Niagara Falls, N. Y. Author of several technical papers published in 
CORROSION, he has a BS in chemical engineering from the University 
of Rochester. and a MS and PhD in metallurgy from Ohio State Uni- 
versity. He is a member of NACE, ASM, Electrochemical Society and 
the V elding Research Council. 


J. C. GRIESS has been engaged in corrosion testing and reactor chem- 
istry at Oak Ridge National Laboratory since 1950. He has a BS and 
MA in ey from Indiana University and is a member of NACE, 
ACS and the Electrochemical Society. 


W. A. GUERRY is marine manager of Amercoat Corp., Kennilworth, 
N. J. He is a graduate of Union College and is a member of NACE and 
the Society of Naval Architects and Marine Engineers. 


R. L. HORST, JR., is affiliated with the sales development division of 
Aluminum Company of America. His work is on aluminum applications 
in the chemical and process industries. An NACE member and a graduate 
of Columbia University, he has published several articles on aluminum 
and cathodic protection by aluminum and magnesium anodes. 


J. W. JOHNSTONE, JR., is supervisor of the engineering research 
electrical section, Engineering and Construction Department, Atlantic 
oe Co., Philadelphia, Pa. Formerly an electrical engineer with 
Day & Zimme rmann, Inc., he is a graduate of Cornell University and a 
member of AIEE 


W. E. KEMP is coatings section technical director of Koppers Company, 
Inc., Tar Products Division. A graduate of the University of Toronto, 
he holds several patents in organic chemistry and coatings and is a mem- 
aaa the Sea Horse Institute, NACE, Chemical Society, ACS and 
ASAS 


E. L. KNOEDLER, affiliated with Sheppard T. Powell and_ Associates, 
Baltimore, Md., has a ME in mechanical engineering from Cornell Uni- 
versity and a "MS and PhD in chemical engineering from Columbia 
University. He is a member of ASME AIChE, ACS and AWWA. 


Vol. 15 


} J. LANE is technical representative of ihe coating section, Product 
evelopment Department of Koppers Co., Inc. He is a graduate of the 
University of Pittsburgh and has been active in the “held of emulsion 
coatings for several years. 


H. L. LOGAN, associated with the National Bureau of Seopdarte sir ¢ 
1936, has a BS in chemistry from Tarkio College and a ov" i 
from the University of Colorado. He is a member of Nach, S48 Elec. 
trochemical Society and Washington Academy of Sciences. 


L. A. MAJOR is a plant engineer with Chesapeake & Potomac Tele. 
phone Co. His work is in corrosion control for the company’s Poe nm 
metropolitan area. He has been an NACE member since 1951 


A. S. MARTHENS is mathematical statistician in charge of quality 
control with the U. S. Navy Department. He has a BS in electrical 
engineering from Carnegie Institute of Technology and is a member of 
AIEE, IRE, IMS, ASA and ASQC. 


S. C. MILLER has been associated with the general engineering depart- 
ment of Chesapeake and Potomac Telephone Company of Maryland sine 
1928. He has a BS in electrical guginecring from Virginia Polytechnc 
Institute and is a member of AI 


T. A. MULLETT is an engineering supervisor with Atlantic Refining 
Co., Philadelphia, Pa. He has a BS in mechanical engineering from 
Purdue University and is a member of API and ASME. He has been 
active in committee work dealing with corrosion and protective coatings 
problems. 


K. M. MYLES is a metallurgical engineer at Argonne National Labo- 
ratory, Lemont, Ill, where he is engaged in research on fundamental 
mechanisms of radiation damage to metals. He has a BS and MS fromm 
the University of Illinois. 


W. C. NAUMANN is group leader of the Surface Coatings Resin Sec- 
tion at Union_Technical Service Laboratory. He has a BS in chemistry 
from Seton Hall University and a MS in chemical engineering from 
Newark College of Engineering. 


T. H. OREM, a sora with the National Bureau of Standards, 
Washington, D. C. has a BS in metallurgical engineering from Michigan 
College of ‘Mining and Technology. He has written several papers on 
corrosion and is a member of ASM. 


M. H. ORTNER, project leader_with Vitro Laboratories, has a BS in 
chemistry from City College of New York and a MS in chemistry from 
the University of Delaware. —— he an associated with Allied 
Chemical and Dye Corp., and the Du Pon 


E. H. PHELPS is an assistant division chief of U. S. Steel Corpora- 
tion’s Applied Research Laboratory at_Monroeville, “ He has a BS 
chemical engineering from Clarkson College of Technology and a 

and PhD from Case Institute of Technology. He is a member of NACE 
and the Electrochemical Society. 


B. J. PHILIBERT is associated with Pittsburgh Coke & Chemical Co., 
Protective Coatings Division. Formerly he was with Olin Mathieson 
Chemical Corporation in charge of corrosion service and standards devel- 
— He is a past chairman of the NACE Baltimore-Washington 
ection. 


H. S. PREISER, corrosion_engineer with the Navy Department’s Bureau 

of Ships, Washington, D. C., is a graduate of New York State Maritime 

College ‘and Webb Institute of Naval Architecture. He is chairman of 

oo — Program Committee for the 1959 Northeast Region 
onference. 


M. J. PRYOR is chief of the chemical and physical section of the Olin 
Mathieson Chemical Corp. He is a_ graduate of Cambridge University, 
England, with a BA, N A and PhD in chemistry. He has written 25 
papers on corrosion research and is a member of NACE, Elecrochemical 
Society and Society of Naval Architects and Marine Engineers. 


B. ROSENBAUM is technical administrator of the Navy Department 
Resi of Ships’ programs on high temperature metallurgy and semi- 
conductors for thermo-electric power conversion and Peltier heat pumping. 
He is a metallurgical engineering graduate of the University of Pittsburgh. 


L, C. ROWE is a senior research chemist with General Motors Corp., 
Warren, Michigan. He has a BS and MS from Michigan State University 
and is a member of NACE and ACS. He has published several technical 
articles in CORROSION. 


L. STARKEY, professor and research specialist in agricultural micro- 
Silsons at Rutgers University, holds several patents on measurement of 
corrosive characteristics of soil and has written technical papers in this 
field. He has a BS from Massachusetts Agricultural College and a MS 
and PhD from Rutgers College. 


PIERO STURLA is chief of the_central laboratory at Edisonvolta in 
Milano, Italy. A graduate of the Universities of Genoa and Parma, he 
has been working in the fields of boiler feed water conditioning and 
other boiler water corrosion problems. 


HENRY SUSS is a material engineer at General Electric’s Knolls Atomic 
Power reagan gg Schenectady, N. Y. He has a BS from New York 
University and a MA from Columbia University. He has been in corrosion 
work for 12 years. 


C. E. TIRRELL, senior chemist with Ionics, Inc., is a graduate of 
Boston University and has been engaged in research and development 
of electrodialysis processes and equipment. He has been with Ionics, Inc., 
since 1949, 


B. H. TYTELL, research chemist at the Boston Naval Shipyard, has 
been in marine corrosion work since 1930. He has a BS in chemistry 
from Brooklyn Polytechnical Institute and is a member of NACE, Elec 
trochemical Society and Society of Plastics Engineers. 





Sot 


10 C 
Are 
Tech 


Ten te 
tie 195¢ 
1 rogram 
Meyer ] 

Subje 

gid pl; 

.ainten: 

NACI 

luminit 
‘Intario, 
ference 

ou.” 


Gener 
; rogram 
tion Pi 
(seorgia. 
; Arthu 

Abstr 
resente 
re giver 


Corrosion | 
Pulp M 
Alloy St 

Presents c 

for equipn 

scribes ple 
case histor 
sulfite, sul 
tinuous sys 
the bleachi 
is given of 
various pr‘ 


Rigid Plas 
Corp., § 
Discusses ] 


dustry for 
light weigk 
physical al 
of various 
pipe. 


Biological 
—€ 
ap 
Gener - 
ing to de 
marine env 
the deterio 


Salt Water 

Americar 
Describes : 
during firs 
Coast refin 
water and 
equipment 
deposits in 


August, 1959 


NACE NEWS 


87 


Southeast Region Conference Opens October 1 


10 Corrosion Papers 
Are Scheduled for 


Technical Program 


Ten technical papers are scheduled for 
tie 1959 Southeast Region Conference 
program, October 1-2, at the Robert 
Meyer Hotel, Jacksonville, Florida. 

Subjects cover a broad scope from 

gid plastic pipe to the economies of 

aintenance painting. 

NACE President Hugh A. Godard, 

luminium Laboratories, Ltd., Kingston, 
ntario, Canada, will speak to the con- 

rence on “What NACE Can Do For 


General chairman for the conference 
;rogram is George M. Jeffares, Planta- 
ton Pipe Line Company, Atlanta, 
Georgia. Local arrangements chairman 
; Arthur B. Smith, Amercoat Corp. 


Abstracts of technical papers to be 
resented during the 2-day conference 
re given below. 


Jeffares 


Southeast Region Conference 


ABSTRACTS 


Corrosion of Stainless Steels and Higher Alloys in 
Pulp Mill Operations, by H. C. Templeton, 
Alloy Steel Products Co., Linden, N. J. 

Presents consideration of limiting corrosion rates 
for equipment with low corrosion tolerance. De- 
scribes plant corrosion test rods. Also presents 
case histories in various pulping processes covering 
sulfite, sulfate, alkaline, semi-chemical and con- 
tinuous systems. Corrosion problems associated with 
the bleaching operation are covered also. Summary 
is given of the most commonly used materials for 
various processes. 


Rigid Plastic Pipe, by W. R. Dana, Amercoat 
Corp., South Gate, Cal. 

Discusses properties of glass fiber reinforced plas- 
tics in satisfying needs and requirements of in- 
dustry for. high strength, corrosion resistant and 
light weight piping. Discusses design, manufacture, 
physical and aeamicsl properties and applications 
of various types of glass fiber reinforced plastic 
pipe. 


Biological Deterioration of Materials in Marine 
Environments, b P. Richards, William F. 
Clapp Laboratories, Inc., Duxbury, Mass. 

General survey of the marine organisms contribut- 
ng to deterioration of structural materials in 

marine environments, the mechanics and extent of 

the deterioration and preventive methods. 


Salt Water Corrosion in Refineries, by P. J. Hurd, 
American Oil Co., Yorktown, Va. 

Describes some corrosion problems encountered 
during first two years of operation at an East 
Coast refinery. These include experiences with sea 
water and conventional piping and heat exchange 
equipment and the effect of chloride and sulfide 
deposits in reforming equipment. 


The Corrosion Program—Where Management Fails, 
by S. W. Walker, East Tennessee Natural Gas 


Explains the failure of management to place the 
corrosion program on the same level as other 
industrial programs. Weaknesses of the present pro- 
cedure are compared to advantages of a stronger 
corrosion program. 


Mill Scale as a Base for Protective Coatings, by 
Kenneth Tator, Kenneth Tator Associates, Cora- 
opolis, Pa. 

Describes a study of coating performances over 
mill scale bearing steel involving several thousand 
performance evsinotions of coating performances 
in about 100 different industrial exposures using 
different coating systems of industrially usefu 
coating types. Conclusions and recommendations 
based on the study are given. 


Corrosion Resistance of Aluminum in Marine and 
Industrial Atmosphere, by R. L. Horst, Alumi- 
num Company of America, New Kensington, Pa. 

Test data and service experience are combined to 

present an over-all picture of aluminum applica- 

tions in corrosive atmospheres. Special attention 
given to the paper industry. 


Corrosion Mitigation on 6 Gas Distribution Sys- 
tems in Florida, by J. S. Frink, Houston Corp., 
Miami, Fla. 

Corrosion and leakage control program planned 

for 6 gas distribution systems includes existing 

systems and planned expansions in Miami, Or- 
lando, Lakeland, Mount Dora, Eustis, Umatilla, 

Winter Park, Maitland, Daytona Beach and Jack- 

sonville. 


New Deeg on Cathodic Protection Recti- 
fiers, by T. R. Stilley, Good-All Electric Mfg. 
Co., Ogallala, Neb. 


A Modern Approach to Planning a Maintenance 
Coating Program, by M. W. Belue, Jr., Cham- 
pion Paper & Fibre Co., Pasadena, Texas. 

Gives details of a plan to solve corrosion problems 

through a coatings program. Various phases of the 

program are discussed: cost, personnel, time and 
service life expected. Accomplishments of the pro- 
gram over a 4-year period are evaluated. 


Southeast Region Conference 


BIOGRAPHIES 


M. W. BELUE, JR., is protective coating con- 
sultant at the Texas division of Champion Paper 
& Fibre Co., Pasadena, Texas. A graduate of 
Duke University, formerly he was president of a 
firm which he organized handling sales and special 
application of corrosion preventive materials. 


W. R. DANA is chief engineer of Amercoat Corp., 
South Gate, Cal., and is responsible for the com- 
pany’s engineering and plant management of the 
reinforced plastics pipe operations. Formerly he 
was design engineer with American Pipe and Con- 
struction Co, He has a BS in engineering from 
Stanford University. 


J. S. FRINK is an engineer with the Houston 
Corp., St. Petersburg, Fla. A member of NACE 
since 1945, he is vice chairman and charter mem- 
ber of the South Florida Corrosion Control Com- 
mittee, immediate past chairman of the Southeast 
Region and has written papers and articles in the 
gas industry and corrosion engineering fields. 


R. L. HORST, JR., is affiliated with the sales 
development division of Aluminum Company of 
America. An NACE member and a graduate of 
Columbia University, he has published several 
articles on aluminum and cathodic protection by 
aluminum and magnesium anodes, 


P. J. HURD is chief plant engineer of American 
Oil Company’s refinery at Yorktown, Va. He has 
a_BS in mechanical engineering from Texas A & 
M College. 


A. P. RICHARDS is president and director of 
the William F. Clapp Laboratories, Inc., Duxbury, 
Mass. He has a BS from the University of Massa- 
— and joined the Clapp Laboratory staff in 


T. R. STILLEY is field service manager for the 
electrical-mechanical division of Good-All Electric 
Mfg. Co., Ogallala, Neb. He has a BEE from 
Marquette University. Formerly, he was associated 
with Shell Oil Co., and Illinois Power Co. He is 
a member of AIEE, AGA and NACE. He is co- 
author of the Corrosion Manual for the Illinois 
Power Company. 


KENNETH TATOR is head of Kenneth Tator 
Associates, paint consultants in Coraopolis, Pa. 
He has had 30 years of experience in the coatings 
field and has been a member of NACE since 1945. 
He has written several articles and papers on 
coatings and holds patents on container linings, 
plastics products and corrosion barriers. 


Southeast Region Conference 


AUTHORS 


Stilley 


Tator Templeton 


H. C. TEMPLETON is chief metallurgist for 
Alloy Steel Products Co., Linden, N. J is work 
is in production, application and corrosive service 
performance of stainless steel castings and valves 


constructed from stainless steel castings. He is 
active in NACE and ASTM activities. 


Over 20,000 cards have been issued by 
the NACE Abstract Punch Card Service. 
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Western Region Conference Begins Sept. 29 


General Corrosion 
Problems to Be 
Covered in Program 


The 9th Annual Western Region Con- 
ference will be held Sept. 29-Oct. 1 at 
the Bakersfield Inn, Sakersfield. Cal. 
Seven symposia and one open forum on 
general corrosion problems have been 
scheduled in which technical papers on 
various aspects of corrosion will be pre- 
sented. 

A fellowship hour and banquet will 
be held Wednesday, Sept. 30. Ladies 
are invited to the banquet. 

Conference chairmen are as follows: 


R. M. Evans, Standard Oil Company of 
California, general chairman; J. W. 
Wilt, Honolulu Oil Corp., program 


chairman; A. J. Nierman, Standard Oil 
of California, publicity chairman; C. J. 
Smith, Western Gulf Oil Co., facilities 
chairman; E. A. LeDuc Dearborn 
Chemical Co., hospitality ‘chairman; a. 
Penner, Magna Products, Inc., registra- 
tion chairman; J. A. Jessom, Richfield 
Oil Corp., membership chairman; J. P. 
Mitchell, Jones & Keller, Inc., ladies 
activities chairman. 
Conference program is as follows: 


Tuesday, Sept. 29 
8:30 AM 
Conference registration: $20 per person, 
fee including fellowship hour and 
banquet. Additional banquet tickets $5 
each, 
Conference Opening 
Welcome address by 
Chairman R. M. Evans, 
Oil Company of Cal. 
Welcome to Bakersfield by 
Frank Sullivan 
Introduction to keynote address by R. 
I. Stark, Chairman, Western Region 
Luncheon ($2 per person) 
Speaker: Fred Wilkes, 
Chemical Co. 
Subject: Atomic 


Conference 
Standard 


Mayor 


Dearborn 
Reactors 


PM 

General Corrosion Symposium 

E, A. LeDuc, Dearborn Chemical Co., 
chairman 

Isophthalic 
trol and Maintenance, by G 
son, California Research Corp. 

(Two papers to be added) 

Chemical Processing Symposium 

H. F. Keller, Jr., Jones & Keller, Inc., 
chairman 

Use of Stainless Steels in the Chemical 
Process Industry, by E. G. Holmberg, 
International Nickel Co. 
Precision Coatings for Corrosion Con- 
trol, by B. E. Martin, Ferro-Martin 
Company. 


Resins for Corrosion Con- 
John- 


Preventive Corrosion Control in Engi- 
neering Design, by I. C. Bechtold, 
consulting engineer. 


Wednesday, Sept. 30 
AM 
Registration: Bakersfield Inn 
Petroleum Producing Symposium 
B. A. Grover, Western Gulf Oil Co., 
chairman 
Cathodic Protection Applied to Internal 
Surfaces of Vessels, by R. Davis, 
Superior Oil Co. 





Analysis of Oil Field Corrosion Prob- 
lems, by J. F. Chittum, California Re- 
search Corp. 

Field Problems Encountered With Oil 
Field Scale and Corrosion, by E. G. 
Kozlowski, Jones & Keller, Inc. 

Utilities Symposium 

R. O. Dean, Pacific Gas & Electric Co., 
chairman 
Corrosion Control in Water Treat- 
ment Plants, by F. O. Waters, San 
Diego Utilities Department. 

Cathodic Protection Coordination Meth- 
ods and Practices, by D. Jones, 
Pacific Telephone and Telegraph Co. 

A Miscellany of Mitigated Corrosion 
Problems of a Public Utility, by 
A. Medlock and H. H. de Laneux, 
Pacific Gas and Electric Co. 


PM 

Petroleum Producing Symposium 
(cont’d) 

B. A. Grover, Western Gulf Oil Co., 


chairman 

Microbiology 
Systems, by L. L. 
Chemical Co, 

Cathodic Protection of Oil Well Casing: 
a panel discussion. 

Aluminum Applications in the Petro- 
leum Industry, by E. T. Wanderer, 
Aluminum Company of America. 

oe Symposium 

J. A. Bessom, Richfield Oil Corp., 
man 

Cathodic Protection Fundamentals 

Groundbed Development 


in Secondary Recovery 
Wolfson, Nalco 


chair- 


Practical Solutions to Cathodic Inter- 
ference Problems, by J. W. Ritter, 
Southern California Gas Co. 

6:30 PM 

Fellowship Hour 

8 PM 

Western Region Conference Banquet. 


Speaker: Robert R. Gros, vice presi- 
dent, Pacific Gas and Electric Co. 


Thursday, Oct. 1 

AM 

Petroleum Processing Symposium 

J. B. Armstrong, Standard Oil Com- 
pany of California, chairman 

Correlation of Corrosion in a Crude 
Distillation Unit With the Chemistry 
of the Crude, by R. L. Piehl, Stand- 
ard Oil Company of California. 

Corrosometer Plus Statistical Analysis 
Yield Unique Approach to Corrosion 
Problems, by J. T. Patrick and G. E. 
Moller, Union Oil Company of Cali- 
fornia, 

Selection of Materials for Refinery Cor- 
rosion Prevention, by A. P. Maradu- 
din, Standard Oil Company of Cali- 
fornia. 


Marine Symposium 
W. Hill, Signal Oil & Gas Co., chair- 
man 

Corrosion of Internal Surfaces of Tank- 
ers 

Cathodic Protection of Ship Hulls 

Cathodic Protection of Offshore Drilling 
Platforms 


PM 
Petroleum Processing Symposium 
(cont’d) 

Centralized Chemical Feed to Multiple 
Cooling Tower Systems, by W. B. 
Harrison, Tidewater Oil Co., and P. 
G. Bird, Wright Chemical Corp. 

(Two papers to be added) 





Open Forum on Corrosion Problems 

H. J. Keeling, consulting engineer, 
moderator 

(Subjects and speakers to be schedule:) 





Western Region Conference 


ABSTRACTS 


Chemical Processing Symposium 

Use of een Steels in the Chemical Proce:s 
Industry E. G. Holmberg, Internation: 
Nickel bon? Inc., New York, 

Discusses behavior of wrought and cast austenit'c 

stainless steels when exposed to various environ- 

ments at room and elevated temperatures. Also 

presents the effect of variations in composition and 

microstructure on corrosion resistance. 





Precision Coatings for Corrosion Control, by B. } 
Martin, Ferro-Martin Company. 

Gives some reasons for precision control in prep- 

aration of surfaces and formulations. Discusses new 

products and application techniques and_ results 

which can be expected from them. 


Preventive Sai Control in Engineering De- 
sign, by I. C. Bechtold, consulting engineer. 
Several major ie of corrosion which are ag- 
ravated by lack of attention to basic principles 
involved in_ corrosion effects are described and 
discussed. Practicai problems are given of cor- 
relating corrosive prevention with chemical engi- 
neering design by engineers uninitiated in the field 
of corrosion. Set of corrosion check sheets are 
presented with suggested use in connection with 

design of each piece of equipment. 


General Corrosion Symposium 
Isophthalic Resins for Corrosion Control and Main- 
tenance, by G. B. Johnson, California Research 
Corporation. 
Gives preliminary report on use of isophthalic 
polyesters for corrosion control and general main- 
tenance. These new resins have been used as clear 
coatings to protect clean metal surfaces, in con- 
struction of glass fiber reinforced laminated tank 
bottoms to 115 feet in diameter and in combina- 
tion with inorganic fillers as patching putty for 
repairing small leaks in pipelines and vessels. 


Petroleum Processing Symposium 
Ce Plus Statistical Analysis Yield Unique 
a to Corrosion Problems, by J. T. Pat- 
rick and G. E. Moller, Union Oil Company of 
California, Rodeo, Cal. 
Describes new technique for analyzing corrosom- 
eter data. A Type 501 probe installation in a 
refinery thermal cracking unit provided such _re- 
liable corrosion data that corrosion rates could be 
correlated with certain process variables by * 
statistical method of regression analysis. An elec- 
tronic digital computer was used to process data 
and correlate significant variables. Procedure per- 
mits corrosion to be predicted on a day-to-day 
basis, an advantage ‘anon corrosion rates within 
an operating plant fluctuate because of feed stock 
changes and process control changes. 


Centralized Chemical Feed to Multiple Cooling 
Tower Systems, by B. Harrison, Tidewater 
Oil Company, Ventura, Cal., and P. G, Bird, 
Wright Chemical Corp., Chicago, IIl. 

Describes feeding corrosion inhibitor and acid for 
pH control to several cooling systems from a 
single station. Explains problems encountered and 
their solutions. System described has given good 
corrosion control for 8 years with low labor cost 
averaging 1 man-hour per day for entire cooling 
system. 


Petroleum Producing Symposium 
Aluminum fn ications in the Petroleum Industry, 
by [—: Aluminum Company of 
tides 
Discusses present status of aluminum in the petro- 
leum_ industry. Service experience is given for 
aluminum tubular products, pressure vessels and 
tankage. Structural applications are included also. 
Compares economics of aluminum with other ma- 
terials. 


Microbiology in Secondary Recovery Systems, by 

L. L. Wolfson, Nalco Chemical Company. 
Gives general discussion of the role of micro- 
organisms in secondary recovery systems including 
interrelationship of organisms with chemical scale 
and corrosion. Discusses life cycles and_ nutritional 
requirements of the organisms, emphasizing effects 
of different types of bacteria on each other. A 
genus of organisms, capable of hydrogen sulfide 
production, previously not implicated in secondary 
recovery problems, is described. 


(Continued on Page 91) 
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me" By ease of application? By appearance? PROVED IN SERVICE 
+ With all the claims made for protective tapes, too often ees Underground or Under Water on 
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s data simple point of how long and how well it will protect Pipe Tanks 
© ‘ Pipe Joints Tie Rods 
to-day the pipe. : - - 
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Manufactured and Distributed in Canada by The Tapecoat 1529 Lyons Street, Evanston, Illinois 
Company of Canada, Ltd., 25 Haas Road, Rexdale, Ontario. 
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Western Region Conference 


BIOGRAPHIES 


IRA C. BECHTOLD has been associated with 


the process industries since he received his BS 
in 1930 from California Institute of Technology. 
He is a member of API, ISA, ACS, IRE, CNGA 
and AIChE and recently has established his own 
business as consulting engineer. 


P. G. BIRD has been with Wright Chemical Cor- 
poration, Chicago, IIl., as research director since 
1953. He has a PhD from Iowa State University. 
His work has been in the field of water treatment. 


JOSEPH F. CHITTUM is research chemist for 
California Research Corporation where he has 
worked since 1946. He has been interested in prac- 
tical and theoretical corrosion problems for 30 
years. He has a BS from Iowa Wesleyan College 
and a PhD in physical chemistry from the Uni- 
versity of Chicago. 


ROBERT L. DAVIS is research and development 
engineer for Superior Oil Company. His work has 
been in corrosion, secondary recovery and _ reser- 
voir analysis. He is past chairman and a charter 
member of the NACE San Joaquin Valley Section 
and is secretary-treasurer of the Western Region. 


E. G. HOLMBERG is assistant supervisor of In- 
ternational Nickel Company’s Corrosion Engineer- 
ing Section. He has a ME from the Colorado 
School of Mines. Formerly, he was associated with 
E. I. duPont de Nemours & Company and Alloy 
Steel Products Company. 


OF CORROSION 


Chittum de Laneux 


Maradudin Martin : 


Ritter Wanderer 


G. B. JOHNSON is group supervisor, plastics 
development and technical services, California Re- 
search Corporation. He has a MS in organic 
chemistry from the University of Arizona. His 
work has been in the fields of synthetic detergents, 
industrial germicides and synthetic resins, special- 
izing in alkyd resins and unsaturated polyesters. 


DAVID T. JONES is supervising construction 
foreman with Pacific Telephone and Telegraph 
Company, where he has Worked since 1925. He has 
been in charge of underground cable corrosion con- 
trol and design work for the company’s southern 
region for the past 25 years. An NACE member, he 
is past chairman of the Western Region and Los 
Angeles Section. 


E. C. KOZLOWSKI, affiliated with Jones & 
Keller, Inc., is technical director of the Petroleum 
Chemicals Division, He has a BS in petroleum 
engineering from the University of California at 


Berkeley. 
H. H. de LANEUX has been employed by Pacific 


Gas and Electric Company for 34 years and is in 
the corrosion engineering department of the Bu- 
reau of Tests and Inspection. He has designed 
and developed corrosion testing equipment and 
helped establish testing techniques used. He is a 
member of NACE. 


BERTELL E. MARTIN, owner and manager of 
Ferro-Martin Company, has been active in the 
development of industrial coatings since 1930. He 
is past president of the Los Angeles Society for 
Paint Technology. 


HOWARD A. MEDLOCK, a member of NACE, 
is associated with the corrosion engineering de- 
—— of Pacific Gas and Electric Company. 

e has a BS in electrical engineering from Cali- 
fornia State Polytechnical College. 


ENGINEERS 


Holmberg 


Medlock 


Waters 


GEORGE E. MOLLER is metallurgical engineer 
for Oleum Refinery of Union Oil Company of 
California at Rodeo, Cal. He is a member of 
NACE and has a BS in mechanical engineering 
from the University of California. 


JOHN T. PATRICK is supervisor of vane 
inspection at the Oleum Seteees of Union O1 
Company of California at Rodeo, Cal. He is a 
member of NACE and ASM and has a BS in 
chemical engineering from Purdue University. 


JAMES W. RITTER is a division engineering as- 
sistant for Southern California Gas Company, 
where he is involved in the design and mainte- 
nance of cathodic protection systems and solution 
of cathodic interference problems on_ transmission 
and distribution pipelines. He has a BS in petro- 
leum engineering from the University of Southern 
California. 


EDWARD T. WANDERER is manager of the 
petroleum section of Aluminum Company of 
America’s sales development division. e is a 
member of NACE, API and is chairman of the 
American Welding Society Subcommittee on 
Aluminum Piping. He has a BS in_ mechanical 
engineering from the University of Illinois. 


F. O. WATERS is associated with the San Diego 
Utilities Department. Formerly he was corrosion 
engineer with Southern California Gas Company. 
He has a BS in electrical engineering from Kansas 
State College and is a member of NACE and the 
American Water Works Association. 


LEONARD L. WOLFSON is associated with 
Nalco Chemical Company where he does research 
on microbiology in secondary recovery and_ is 
a leader of the microbiology laboratory. He 
as a MS in bacteriology from the University of 
Chicago. 
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Western Region Conference 


ABSTRACTS 





(Continued from Page 88) 


Field Problems Encountered With Oil Field Scale 
ind Corrosion, by E. C, Kozlowski, Jones & 
Keller, Inc. 

Reviews existing oil field surface and sub-surface 

problems resulting from corrosion and scale. Briefly 

describes operational field conditions resulting in 
promotion of oil field scale and corrosion. Outlines 
fi ld problems and accepted methods of control. 


Analysis of Oil Field Corrosion Problems, by J. 
®. Chittum, California Research Corporation. 
Analyzes problems of classification, identification 
d control of corrosion with emphasis on diffi- 
lties in understanding corrosion mechanisms. 
iter treatment, cathodic protection and coatings 
‘ critically examined as means of corrosion con- 

ye 


a ne) 


ant 


ithodic Protection Applied to Internal Surfaces 
of Vessels, by R. L. Davis, Superior Oil Com- 


pany. 
scusses field application of impressed current 
odes and galvanic anodes to protect internal 
rfaces of shipping tanks, wash tanks, filters and 
her vessels in oil field and refinery service. In- 
udes information on current density, anode lo- 
tion and methods of installation. 


- 


AnSoe 


POSITIONS 


NACE NEWS 


Pipelines Symposium 

Practical Solutions to Cathodic Interference Prob- 
lems, by J. W. Ritter, Southern California Gas 
Company. 

Methods of detection and correction of cathodic 

interference problems are discussed. Suggestions 

are proposed for proper maintenance of corrected 

problems. 


Utilities Symposium 
A Miscellany of Mitigated Corrosion Problems of 
a Public Utility, by H. W. Medlock and H. H. 
de Laneux, Pacific Gas and Electric Company. 
Presents data on corrosion problems which _re- 
quired unusual control measures. These include 
such structures as underground gas-filled, high 
voltage cable conduits, gas mains, cooling systems 
and penstocks. 


Cathodic Protection Coordination Methods and 
Practices, by D. T. Jones, Pacific Telephone and 
Telegraph Company. 

Discusses methods and practices used by a tele- 
phone company to coeds its cathodic protec- 
tion activities with other operators or owners of 
buried metallic pipelines or cables to minimize the 
effect of cathodic protection on these metallic sub- 
structures. 


Corrosion Control in Water Treatment Plants, by 

F Waters, San Diego Utilities Department. 
Lists corrosion processes confronting water treat- 
ment plants. Discusses problems encountered in 
installation, testing and operation of cathodic pro- 
tection for rapid sand and pressure type filters. 
A 6-year operating experience indicates the value 
- cathodic protection in both types of treatment 
plants. 


WANTED AND AVAILABLE 


Active and Junior NACE members and companies seeking salaried employees 


may run without charge two consecutive advertisements annually under this 
heading, not over 35 words set in 8 point type. Advertisements to other 
specifications will be charged for at $10 a column inch. 





Positions Available 





Sales Engineer: Splendid opportunity for quali- 
fied engineer with broad field experience in 
cathodic protection. Interested in sales develop- 
ment work on relatively new and accepted 
product. Location in or near Houston but would 
require extensive traveling principally in South- 
west. Preferred age 25-35. Reply guaranteed. 
Send photo & resume of experience. CORRO- 
SION, Box 59 -21. 


Metallurgical Engineer—Excellent opportunity for 
recent graduate or metallurgist with up to two 
years’ experience. Position is concerned with 
research on a variety of materials and manv- 
facturing processes. Please submit resume and 
salary requirements to: Personnel Administrator, 
Research Department, Plumbing and Heating 
Division, American-Standard, 834 East Broadway, 
Louisville 4, Kentucky. 


Corrosion Engineer—registered—experienced in 
field, design, sales and administrative corrosion 


engineering. Include complete personal and 
experience resume—indicate salary. CORRO- 
SION, Box 59-30 


CORROSION ENGINEER 


Opportunity for challenging work in corrosion 


control at the world’s most modern refinery. 
Prefer young man with degree in metallurgy or 
chemical engineering and up to three years’ ex- 
perience. Background in refinery or corrosion 
problems desirable but not essential. Write 





Employee Relations Department 


TIDEWATER OIL COMPANY 


| Delaware City, Delaware 


Manufacturers’ Agents 





Corrosion control tape coating manufacturer is 
appointing representatives in various areas. For 
your opportunity in this growth item submit a 
complete resume including areas and types of 
accounts covered to CORROSION, Box 59 - 24. 


Positions Wanted 





Patent Law: B. S. in Met. E., LL. B. in Law. Seven 
years experience in research, development, and 
production in electrodeposition and corrosion. 
Member of state bar. Age 28. Married. Desire 
patent position. Resume on request. CORRO- 
SION, Box 59 - 25. 


Corrosion Engineer experienced in practical em- 
ployment of metals desires supervisory or con- 
sulting position. Chemical engineering degree. 
Registered engineer. Five years supervisory work, 
engineering organization. Fourteen years corro- 
sion engineering. Presently engaged in corrosion 
research and service. CORROSION, Box—59—29 


Ph.D. Physical Chemistry. 7 years’ experience 
in charge of large group developing corrosion 
inhibitors for all phases of water and oil treat- 
ment. Age 35. Seeking responsible supervisory 
or managerial position and opportunity to grow 
with company. CORROSION, Box 59 - 27 


Chemist Organic Coating Formulator. Experience 
in plastisol formulations plus knowledge of 
epoxy, polyurethane, polyester coatings. New 
Jersey location. Start to $11,000.00 CORRO- 
SION—Box 59-28. 
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NATIONAL and REGIONAL 


MEETINGS and 
SHORT COURSES 





1959 

Sept. 29-30, Oct. 1—Western Region 
Conference. Bakersfield Inn, Bakers- 
field, Cal. 

Oct, 1-2—Southeast Region Conference. 
Jacksonville, Florida, Robert Meyer 
Hotel. 

Oct. 5-8—Northeast Region Conference. 
Lord Baltimore Hotel, Baltimore, Md. 

Oct. 12-15—South Central Region Con- 
ference. Denver, Colo. Cosmopolitan 
Hotel. 

Oct. 20-22—North Central Region Con- 
ference, Cleveland, Statler Hilton 
Hotel. 


1960 

February—Canadian Region Western 
Division. Vancouver. 

March 14-18—16th Annual Conference 
and 1960 Corrosion Show. Dallas, 
Texas, Memorial Auditorium. 

Oct. 11-14—Northeast Region Confer- 
ence. Prichard Hotel, Huntington, W. 
Va. 

Oct. 19-20—North Central Region Con- 
ference. Schroeder Hotel, Milwaukee. 

Oct. 25-28—South Central Region Con- 
ference, Mayo Hotel, Tulsa. 


1961 

March 13-17—17th 
and 1961 Corrosion Show, 
N. Y., Hotel Statler. 

Oct. 9-11—North Central Region Con- 
ference, St. Louis, Chase Park Plaza 
Hotel. 

Oct. 24-27—South Central Region Con- 
ference, Houston, Shamrock Hotel. 
Oct. 30-Nov. 2—Northeast Region Con- 
ference, New York City, Hotel Statler. 


Annual Conference 
Buffalo, 


1962 

March 18-22—18th Annual Conference 
and 1962 Corrosion Show. Kansas 
City, Municipal Auditorium. 

October 16-19—South Central Region 
Conference, Hilton Hotel, San An- 
tonio, Texas. 


SHORT COURSES 
1959 
September 22-23—9th Annual Shreveport 
Section Short Course. Centenary Col- 


lege. 
November 16-20—4th Annual General 
Florida Conference 1959 Corrosion 


Short Course. Key Biscayne Hotel, 
Miami. 

December 7-11—University of Illinois 
Corrosion Control Short Course. Ur- 
bana Campus. 


1960 


April 27-29—Portland Section Corrosion 
Control Short Course. 


NACE’s Bibliographic Surveys of 
Corrosion extend from 1945 to 1955. 
Prices available upon request. 

a 


NACE’s 17th Annual Conference and 
1961 Corrosion Show will be March 
13-17, 1961, at the Hotel Statler in Buf- 
falo, N. Y. 
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use Calgon Engineering Service for 


LOWER COSTS/ BETTER RESULTS 


Piping, heat exchangers and condensers are the prime 
targets for corrosion damage in any cooling system. 
This is where Calgon Engineering Service can save 
money and lower corrosion rates. Calgon Service starts 
with a survey of the system, and includes water analysis 
both at the source and in use, plus a review of flow 
rates, temperatures, equipment type and usage and all 
other factors. This is followed by treatment recommen- 
dations and training of plant personnel. Here is why 
Calgon Service can save you money and maintenance: 


LOWER CHEMICAL COSTS. In most systems, treatment 


is substantially lower in cost. This is not only because 
of more effective treatment, but also because, in many 
cases, smaller amounts of chemicals can be used. 


LOWER WATER COSTS. With more effective treatment, 


it is usually possible to maintain higher solid concen- 
trations in cooling water. This means less makeup 
water, and consequent savings in overall water costs. 


BETTER RESULTS. In one typical plant, water 


treatment in use resulted in a corrosion rate of 4 
mils per year. When Calgon Engineering Service 
took over, corrosion rates were reduced to 1 mil 
per year, and chemical costs came down at the 
same time. 


A letter or phone call will put Calgon Engineering 
Service to work on your particular problem. Experience 
with every type of water problem in all parts of the 
country is at your service. 


CALGON comeany 


DIVISION OF HAGAN CHEMICALS & CONTROLS, INC. 


HAGAN BUILDING, PITTSBURGH 930O, PA. 
In Canada: Hagan Corporation (Canada) Limited, Toronto 
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Zinc Anode Research May 
Solve Crab Pot Corrosion 


\ new research project at Virginia 
Institute for Scientific Research, Rich- 
mond, is investigating the use of zinc 


andes to protect crab pots against cor- 
ro-ion in the east coast seafood industry. 

‘orrosion of galvanized iron wire crab 
pc.s used to catch blue crab in coastal 
st.tes costs about half a million dollars 
in wire lost annually in the Chesapeake 
arva alone, according to American Zinc 
Institute estimates. 


Annual Titanium Meeting 
To Be September 14-15 


Che 5th annual meeting on titanium 
sponsored by New York University’s 
College of Engineering will be held 
September 14-15 on NYU’s Bronx 
campus. Majority of the program will 
be on welding of titanium; other topics 
will include fabrication, heat treatment 
and alloying. 

Additional information can be _ ob- 
tained from Dr. Harold Margolin, New 
York University, University Heights 53, 
New York City. 


NBS Ferrous Samples 


Eight bars of ferrous materials whose 
oxygen and nitrogen content have been 
determined comprise a new type stand- 
ard sample available from the National 
Bureau of Standards, Washington 25, 
D. C. These bars are used to calibrate 
chemical analytical equipment for meas- 
uring gas content of various commercial 
steels. 


Plastics Society to Meet 


Progress in plastics engineering will 
be the general theme of a technical con- 
ference October 13-14 in Los Angeles, 
Cal., sponsored by the Southern Cali- 
fornia Section of the Society of Plastics 
Engineers. 

Jack Fuller, Chemtrol Division, Rex- 
all Drug and Chemical Co., will be gen- 
eral chairman of the conference. 


Packaging Conference 


A 2-day conference on packaging 
specifications will be held at Purdue 
University, Lafayette, Ind., October 5-6. 

Additional information can be ob- 
tained from Mark E. Ocker, Division 
of Adult Education, Memorial Center, 
Purdue University, Lafayette, Ind. 


Building Council to Meet 


Research problems concerning large 
concrete elements in housing will be one 
of the subjects to be discussed at the 
September 21-26 meeting of the Inter- 
national Council for Building Research 
at Rotterdam, Holland. 

6 
Iver 40 foreign countries are represented 
ry Corrosion subscribers 





BOOK NEWS 


Corrosion and Deposits in Boilers and 
Gas Turbines. 198 pages, 8% x 11, 
paper. 1959. The American Society of 
Mechanical Engineers, 29 West 39th 
St., New York 18, N. Y. Per copy, $6. 

A comprehensive, well-referenced review 
of factors related to fuel deposits which 
cause corrosion of boilers and gas tur- 
bines. The book consists of sections de- 
voted to general information, mineral 
constituents of coal, ash-forming con- 
stituents of heavy fuel oil, oxides of sul- 
fur in boilers and turbines, physical as- 
pects of deposition, external deposits, 
high temperature corrosion, corrosion of 
metals below 400 F and removal of 
solids from combustion gases. 





Technical Assistance—Services Avail- 
able From IAEA. 16 pages, 6 by 8 


inches, paper. International Atomic 
Energy Agency, Karntner Ring 11, 
Wien I, Vienna, Austria. December, 


1958. 
Available in English, French, Russian 
and Spanish, this booklet describes the 
kinds and fields of assistance offered by 
IAEA. Also discusses rules and prac- 
tices governing this assistance. 


Bescherming Van Staal Tegen Atmos- 
ferische Corrosie Door Middel Van 
Verf. (Protection of Steel Against 
Atmospheric Corrosion by Means of 
Paint). Publikatie No. 57. 6 by 8 
inches, paper. Metaalinstituut T.N.O., 
Afdeling Corrosie, Postbus 52, Delft, 
Holland. 

Published in two parts: the first gives 
the text in Dutch with a summary given 
in English; part two gives tables, graphs 
and photographs. Discusses performance 
tests on painted steel plates to determine 
behavior of primer on the pre-treatment 
of steel and influence of moisture dur- 
ing painting. 


Zinc Dust Paints. A Selective Literature 
Review. 10 pages, 8 x 10, Paper. 1959. 
Translation and Technical Informa- 
tion Services, 32 Manaton Rd., Lon- 
don, S. E. 15, England. Per copy, $1. 

A selection of 100 references to zinc 
dust paints, including patents, from 1942 
to 1959, arranged chronologically. Pre- 
face includes a brief discussion of the 
properties, chemistry, surface prepara- 
tion problems, types of the various avail- 
able formulations, keyed to references. 





NEW PERIODICALS 





Electroplating. (In English) Published 
monthly by Grauer & Weil (India) 
Private Limited, 547, Kalbadevi Road, 
Bombay 2, India. Vol. 1, No. 1, May, 
1959. Subscription for one year Rs. 
18/-. Price per single copy, Rs. 1-50. 

New monthly published in India that is 
to be devoted to development of plating 
and metal finishing industries. First is- 
sue included technical articles, book re- 
views and discussions of industrial prob- 
lems. 
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British Corrosion 
Association Formed 


The British Association of Corrosion 
Engineers was formed at a meeting 
held May 29 at South Kensington, Eng- 
land. 

Objective of the association will be 
to promote dissemination of technical 
information about corrosion matters and 
to develop free interchange of informa- 
tion among members. Future plans for 
the association include establishment of 
suitable qualifications for corrosion en- 
gineers and standardization in termi- 
nology and techniques of corrosion con- 
trol. 

Technical meetings will be planned 
for presentation of papers, motion pic- 
ture films and discussions to promote 
the corrosion engineer’s general service 
to industry. 

Secretary of the association can be 
contacted at 97 Old Brompton Road, 
London, S.W. 7. 


Acid Mine Water Problems 
To Be Discussed by SME 


Problems of acid mine water will be 
among the subjects to be discussed at 
the September 23-26 joint meeting of 
the Industrial Minerals Division and 
Coal Division of the Society of Mining 
Engineers at Bedford Springs, Pa. 

Some of the papers will be the Mine 
Effluent Problem, Influence of Bacteria 
on Formation of Acid Mine Drainage, 
Accomplishments of Pennsylvania State 
Controls for Acid Mine Waters and Dis- 
posal of Sulphur Mine Effluent. 


Indian Metal Institute 
To Hold Annual Meeting 


The 13th Annual Technical Meeting 
of the Indian Institute of Metals will 
be held December 1-5 in Bangalore, 
India. The program will include a sym- 
posium on structural changes in metals 
and alloys given in collaboration with 
the Indian Institute of Science. 

Additional information can be ob- 
tained from the Institute at 31 Chow- 
ringhee Road, Calcutta 16, India. 


Plastics Conference 


Major aspects of plastics engineering 
will be included in the 16th Annual 
Technical Conference of the Society of 
Plastics Engineers, Inc., to be January 
121-5, 1960, at the Conrad Hilton Hotel 
in Chicago. 

Additional 
from the society at 65 
Stamford, Conn. 


information is available 
Prospect St., 


s 
A preliminary report on ground-water 
resources of the Chicago Region, II- 
linois, (Report 1-S, 1959) has been pub- 
lished by the State of Illinois. 


® 
NACE’s 16th Annual Conference and 
1960 Corrosion Show will be held March 
14-18 in the Memorial Auditorium, 
Dallas, Texas. 
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New Diesel Designs Permit 


Improved Polyethylene Tape Use of Lower Grade Fuels 


Light grades of petroleum fuels such 
as kerosene are becoming so scarce and 
ee because of ae jet aircraft 
that designers are reworking old diesel 
designs to permit use of heavier re- Cathod 
sidual fuels. Victode, 

New techniques developed in diesels J im S€PAaT 
permit the use of fuels rated as low as § Te» filte 
Number 6. Residual fuels are all tha: is | ™«nufact 
left of the crude oil after the lighter § teials_S 
and more profitable products are re. § Fort, We 
moved at the refinery, according to a J US° h 
discussion held at the recent meeting J Pr ssure 





of the ASME. head me 
th. anode 

Thicker Chromium Gives 
More Corrosion Resistance $705" 
Recent corrosion tests indicate that _ ig 
thicker chromium, properly applied, is J ? t tt oe 
one of the least expensive methods of § iL Ee 
achieving greater durability in bright . ee 


chromium deposits with increased re- Sc otinumn 
. i) 
sistance to outdoor exposure. . gs, 


with NEW high Two new tests have been adopted by it: 


the automotive industry to evaluate per- 


* formance of chromium plated exterior ; 
in scuff and parts in response to public demand for Coatin. 
higher quality in chromium parts. Carbo Zi 
brasion resistance Company 
fe . ympan 
apra Water Purification Plant 17, Mo. 
One of the world’s first salt water ~. 
purification plants is being completed fresh wai 
near Weldon, Orange Free State, South fj. Similar 
hilt aT — Built to purify 2.5 — gallons has mai’ 
MMM H of mine water per day, the plant is ex- f ....4; 
FAA nT lili UI HANI HN pected to purify water at 35 cents per oe ee 
thousand gallons, according to the In- slowly a 
formation Service of South Africa’s pub- give dies 
lication “South African Scope.” surfaces. 
ss becoming 
Stadium to Be Heated wes, Bas 
ide w 


A radiant heating system is being in- § coating c 
stalled in the 20,000 reserved seat sec- § ance, acc 
tion of San Francisco’s new Candlestick 
Park Stadium. The stadium will be built 
of reinforced concrete with accommoda- Data-Tay 
tions for 40,000 and future enlargement § pipe coat 


to 80,000 capacity. identifica 
Hill-Hub 
s . ° Road, Cl 
A modified polyethylene tape, SAFE-T-CLAD #657 is Paper Given at ASME corporate 
. ° ‘ 4 . Ste 
a successful blend of high and low molecular weight ae eS infortaatl 
1e€ process industry was presente dV + ° 
polyethylenes. Developed by SEAMLESS through tech- F. L. Whitney, Jr., Monsanto Chemical J \0e’of | 
nical knowledge of recent advances in chemistry, this is a tae 8 ae wrapped 
; ASME at St. Louis, M —— 
new tape has high scuff and abrasion resistance proper- SME at St. Louts, Mo. tion, 

ties never before attained with plastic films for pipe Radioisotope Study cil 
Cee Study of potential applications of a 
; : 64 Study applications 
Designed specifically for machine application on all radioisotopes and nuclear techniques to — 

: i . the iron and steel industry have been 
sizes of piping, SAFE-T-CLAD #657 has a higher den- undertaken by Nuclear Science and | is Co 
: ; : : gineering Corp., Pittsburgh, Pa. anc 

sity and tougher film formulation together with a higher the American iron and Stecl fnseieae | pean 
adhesion level and better overlap seal. New York City. ase a8 
For full specifications and particulars, contact your . pth en 
ae , Corrosion Research Report | supplem« 

nearest distributor or write: ; and use 
Corrosion research work conducted by § eralizers 

the Arthur D. Little Research Institute, J stream. 


SAFE-T-CLAD DIVISION Edinburgh, Scotland, is reviewed in the 


Institute’s annual report for 1958. Proj- ‘ 
THE SEA AALES RUBBER COMPANY ect discussed involves chemical and Cutting 


physical phenomena at metal surfaces Saffire N 
and the effect of the structure of organic J \jpambr 
additives on these phenomena. 


464 CONGRESS AVENUE, NEW HAVEN 3, CONN, 


A SUBSIDIARY OF THE REXALL DRUG & CHEMICAL COMPANY 
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Equipment 
Services | 


Cathodic Protection 


Victode, an insulated anode for protect- 
ing separators, heater treaters, gun bar- 
rels, filters and condensers, is being 
manufactured by Tejas Plastics Ma- 
terials Supply Co. P. O. Box 11302, 
Fcrt Worth, Texas. The anode is for 
us: in horizontal positions or in any 
prssure vessel and has an insulated 
head molded as an integral part of 
th. anode body. 


Corrosion Services Inc., Box 787, Sand 
Springs, Okla., has published a con- 
deased catalog of its services and sup- 
ples. Company engineers develop and 
in-tall protective systems on oil and gas 
well casing, pipe lines, distribution sys- 
tems, tank bottoms and internals, tower 
footings, steel piers, heat exchangers and 
other installations. 


Coatings—Organic 


Carbo Zinc Number 11, a new inorganic 
zinc coating produced by Carboline 
Company, 32 Hanley Ind. Ct., St. Louis 
17, Mo., is designed to provide a high 
degree of galvanic protection and to 
eliminate sub-film rusting in salt water, 
fresh water and solvent environment. It 
is similar to hot dipped galvanzing and 
has many of the same properties. This 
coating provides a conductive zinc film; 
the reactive metal goes into solution 
slowly as needed when immersed to 
give direct galvanic protection to steel 
surfaces. The coating is quick drying, 
becoming water insoluble after 20 min- 
utes. Rain, condensation, spray or rising 
tide will not damage or dissolve the 
coating or adversely affect its perform- 
ance, according to the company. 


Data-Tape, a coded tape integrated with 
pipe coating and wrapping for positive 
identification, has been introduced by 
Hill-Hubbell & Company, 3091 Mayfield 
Road, Cleveland 18, Ohio. The tape in- 
corporates a kraft paper tape which is 
stamped at 2-foot intervals with coded 
information giving the pipe manufac- 
turer, pipe wall thickness, chemistry and 
type of manufacture. The tape is spiral 
wrapped around the pipe over the last 
protective coating or wrapper applica- 
tion, 


Condensate Demineralizer 


Condensate Treatment by scavenger 
mixed bed demineralizers is discussed 
in an article (Publication 117) available 
from Cochrane Corp., 17th St. Below 
Allegheny Aves., Philadelphia 32, Pa. 
The article suggests better demineral- 
izers to improve make-up, conservative 
de-aerators to reduce corrosion, use of 
supplementary chemicals of vapor type 
and use of high rate mixed bed demin- 
eralizers to scavenge impurities in the 
stream. 


Cutting Compounds 


Saffire Manufacturing Co., 924 E. Main, 
\lhambra, Cal., has developed a soluble 


GENERAL NEWS 


NEW PRODUCTS 


oil and a grinding compound which are 
claimed to be stain and rust proof, odor 
free and will not affect paint or harm 
skin. 


De-Ironized Water 


Sparkler-Filtrion Corp., North Chicago, 
Ill., has developed a new side-stream 
boiler water control system that con- 
tinuously and automatically keeps boiler 
water clear by eliminating sludge and 
suspended solids. Filtration is achieved 
by use of a side-stream filter and filter 
pre-coat to reduce suspended solids to a 
value near zero. The units combine fil- 
tration with chemical pre-treatment, in- 
ternal treatment, continuous minimum 
blowdown and feedwater pre-heating 
and de-gassing within the system. 


Barnstead Pure Water Equipment con- 
nected in series produces 18 million ohm 
water in production quantities free of 
bacteria, organics, silica and submicro- 
scopic particles, according to Barnstead 
Still and Sterilizer Co., 322 Lanesville 
Terrace, Boston 31, Mass. Equipment 
consists of sand and carbon filter, a 4- 
bed demineralizer, 2 stills and other 
heaters and filters. 


Fasteners 


Copperply, a pre-packaged copper cov- 
ered steel wire, has been introduced by 
National-Standard Co., Niles, Mich., for 
use with tie wire reels for fastening pipe 
insulation subjected to salt spray and 
other corrosives. The wire is 16 gauge 
with 15 percent copper by weight to 
give a 134-mil protective copper coat- 
ing around the steel core. 


Jerpbak-Bayless Company, Solon Road, 
Solon, Ohio, has published an illustrated 
brochure giving information on precision 
actuator screw and nut assemblies in all 
sizes for use in atom reactors, missiles, 
radar, machinery, intruments, etc. Size 
capabilities, thread specifications, ma- 
terials and quality are discussed. 


Non-Metallics 


Ultrasonic Grinding and Machining of 
hard and brittle materials such as glass, 
quartz, ceramics, sapphire, carbides, 
hardened tool steel, ferrite and similar 
materials are being offered as services 
by Precision Glass Products Co., 6138 
Beechwood St., Philadelphia 38, Pa. 
Bulletin UG559 describes the services 
available on these materials previously 
considered unmachinable. 


KT Silicon Carbide, a self-bonded im- 
pervious form of silicon carbide, has 
operated 1700 hours in a highly corro- 
sive application where previous mate- 
rials lasted only 48 to 75 hours, accord- 
ing to Carborundum Company, Niagara 
Falls, N. Y., developer of the new ma- 
terial. 


Materials 
Literature 


Painting Equipment 

Spray Gun using rotary action instead 
of air pressure is available from Pre- 
cision Equipment Co., 4407R North 
Ravenswood Ave., Chicago 40, Ill. The 
gun spins the paint at 15,000 rpm, thus 
eliminating nozzles, needles, valves, 
clogging and misting, according to the 
manufacturer. 


Ransburg Electrostatic Hand Gun pro- 
duces a wrap around spray which paints 
all sides of articles such as tubing, rod, 
wire, etc., from one side without over- 
spray, according to the manufacturer 
Harper J. Ransburg Company, Indian- 
apolis. Details and technical information 
are available from the company. 


Pipe 

Flexible Rubber Pipe with superior 
method of mating and sealing the pipe 
faces has been developed by General 
Rubber Corp., 55 Summit St., Tenafly, 
N. J. The single piece leakproof tube 
and multi-ply reinforced body have in- 
tegral flanges of resilient rubber to form 
a seal against the pipe flanges. No 
gaskets are required. This patented Gen- 
Lok design permits metal-to-metal bolt- 
ing to the pipe. 


Plants 


Koppers Company, Inc., has purchased 
the Halowax plant of Union Carbide 
Corp., at Wyandotte, Mich. The plant 
produces chlorinated naphthalene, chlo- 
rinated paraffin and other chlorinated 
chemicals and resins; it will be operated 
by Koppers’ Tar Products Division. 
° 


Hagan Chemicals & Controls, Inc., is 
building additions to its research facili- 
ties near Pitsburgh, Pa. Space for con- 
trols and chemical product research and 
development laboratories plus a new 
pilot chemical laboratory for first run 
production on new products will be in- 
cluded. 


New High Pressure Laboratory is being 
built by Eastman Kodak Company in 
Rochester, N. Y. It is designed for re- 
search into new chemical reactions 
under extra high pressures to 30,000 psi. 


Plastics 


Safety Hats and Caps made of fibre- 
glass and aluminum have been de- 
veloped by Apex Safety Products, 
Cleveland, Ohio. A new polyethylene 
suspension within the hats is featured. 
Distributor will be Safety Division of 
3oyer-Campbell, 6540 St. Antoine St., 
Detroit 2, Mich. 


(Continued on Page 96) 
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Fluoroflex-T Nozzle Liners have been 
added to the chemically inert products 
made by Resistoflex Corp., Roseland, 
N. J. They are designed for use in the 
nozzle openings of reactors, vessels, 
condensers, pumps and other process 
equipment. They are inert to acids and 
industrial chemicals to 500 F. 

° 
Polypropylene Film and Fiber Develop- 
ment will be handled by a newly created 
Polyolefin Department at American Vis- 
cose Corp., at Marcus Hook, Pa. The 
new department will continue work on 
polyolefins and polymer characterization 
previously conducted in the Basic Re- 
search Department. 

@ 
Corrosion Resistant Valves made of 
plastic are discussed in a_ handbook 
available from Chemtrol, 10872 Stan- 
ford, Lynwood, Cal. The handbook de- 
scribes types of plastics used in piping 
systems, coupling methods of pipe to 
plastic valves, plastic pipe standards, 
installation practices, working pressures 
and corrosion effects of 280 chemicals 
on five different plastics. 

2 
Joseph T. Ryerson & Son, Inc., 2558 
West 16th St., Chicago 8, IIl., has added 
12-inch diameter Schedule 40 and Sched- 
ule 80 to its line of Ryertex-Omicron 
PVC rigid, unplasticized plastic pipe. 
Fabricated plastic fittings are available 
for the 12-inch ae 


Plastic Spigots aa Keys for 
chemical filter presses and in applica- 
tions where bulk corrosive liquids are 
handled. The spigots have smooth bores 
with no cracks to gather contamination. 
Developed by National Aniline Division 
of Allied Chemical & Dye Corp., the 
spigots are available from Norton Lab- 
oratories, Inc., Lockport, N. Y. 
e 


use on 


Mill Shapes of Polypenco Penton chlo- 
rinated polyether resins are described 
in a new bulletin available from the 
Polymer Corporation of Pennsylvania, 
Reading, Pa. The folder describes all 
availabilities and physical, chemical and 
electrical properties ag the material, 


Extra Strength Tape Coating made of 
high density polyethylene is being mar- 
keted by Polyken Sales Division of the 
Kendall Company, 309 W. Jackson 
Blvd., Chicago 6, Ill. It is a cold applied 
tape coating for transmission pipeline 
application by tensioned-spindle equip- 
ment. 


e 
Hubbed Sewer Pipe and hubbed perfo- 


rated drain pipe made of plastic is being 


produced by the Plastics Division of 
Koppers Company, Inc., Pittsburgh 19, 
Pa. Marketed as Pi-Mar S (sewer) and 
D (drain), the new pipe with its in- 
tegrated hubbing eliminates the need for 
a separate coupling. It can be cut with 
a handsaw, and no special tapering tools 
or adhesives are required, 
* 

Fluoride Coatings have been formed on 
copper, aluminum and other metal wires 
to provide exceptionally high insulation 
value at elevated temperatures while re- 
taining flexibility and freedom from 
porosity. Research has been conducted 
by Bell Telephone Laboratories, 463 


West Street, New York 14, N. Y. 


ASSOCIATION OF CORROSION 


Byers PVC Sheets have been used in 
duct work to vent corrosive acid fumes 
that develop during plating operations 
at the Zippo Manufacturing Co., Brad- 
ford, Chromic, sulfuric and hydro- 
fluoric acids are used in the cigarette 
lighter plating operations. The PVC 
sheets were furnished by A. M. Byers 
Company, Pittsburgh, Pa. 


55-Gallon Drums and lids are being in- 
jection molded by Federal Tool Corp., 
3600 W. Pratt Blvd., Chicago 45, III. 
Made of white polyethylene, the drums 
have tight fitting, splash proof lids which 
fasten by means of a steel enclosure 
ring. The weight 10% 1b; steel drums 
weigh 65 Ib. 


Haveg Industries, Inc., 900 Greenbank 
Road, Wilmington 8, Del., has published 
Catalog P-11 which describes the annli- 
cations of Haveg polyester-glass indus- 
trial corrosion resistant equipment. 
Physical properties, chemical resistance 
and typical applications are discussed 
and illustrated. 


Fluorglas Teflon Coated Fabrics and 
adhesive tapes are described in a new 
folder available from Cadillac Plastic & 
Chemical Co., 15111 Second Ave., De- 
troit 3, Mich. The folder includes prop- 
erties, applications and available types of 
the material. Strength, dielectric and 
moisture resistant characteristics of the 
fabric are charted. 


Products List 


Foote Mineral Company, 18 W. Chelten 
Ave., Philadelphia 44, Pa., has published 
a products list which includes 60 chem- 
icals, metals and minerals for use in 
such fields as chemistry, ceramics and 
electronics. Products included are lith- 
ium, electromanganese, zirconium, nickel, 
cobalt, ferro allovs and metal powders. 


Chemicals Catalog, expanded and re- 
vised, is offered by Antara Chemicals, 
sales division of General Aniline & Film 
Corp., 435 Hudson St., New York 14. 
It is divided into sections on organic in- 
termediates, acetylene derivatives and 
specialty chemicals such as ultra-violet 
light absorbers. 


Research Centers 


Bearing Technology will be studied 
through new products, applications and 
product improvements at the new Re- 
search Center being built by Miniature 
Precision Bearings, Inc., Keene, N. H. 


Returning Systems 


Nalfining, a new process to up-grade 
many petroleum products, has been de- 
veloped by Nalco Chemical Co., 6216 
West 66th Place, Chicago 38, Ill. The 
process is said to reduce corrosivity and 
improve jet fuel stability by removing 
contaminants such as sulfur, nitrogen or 
complex organic molecules not  elimi- 
nated during refining. 


ENGINEERS 


Soldering 


Zinc Soldering Process for joining 
aluminum to itself and other metils 
has been developed by Alcoa, 1501 Alcoa 
Bldg., Pittsburgh 19, Pa. The proccss 
is a modification of the old zine solder- 
ing process adapted for use on alumi- 
num, Applications will be in air con- 
ditioning, automotive and electrical 
industries. 


Tubing 
Leaded Carbon Steel Tubing develop. 


for applications requiring high machin- 
ability is described in Data Memoran- 
dum No. 24 published by Superior Tue 
Co., Norristown, Pa. Machinability rat- 
ings for leaded and non-leaded C-10620 
carbon steel are given and also chemical 
composition and mechanical properties. 
Eo 


Bridgeport Brass Company, 30 Grand 
St., Bridgeport 2, Conn., has published 
a 17-page brochure describing the uses 
of its duplex tubes in solving industrial 
corrosion problems. 


Welding 


Aluminum Pipe Welding is done auto- 
matically by a new machine designed 
and developed by Aluminum Company 
of America, 1501 Alcoa Bldg., Pitts- 
burgh 19, Pa. It is capable of producing 
sound welds with full penetration with- 
out the use of back-up rings, according 
to Alcoa. 


Wire 

Copperply Output has been doubled by 
installation of new continuous plating 
equipment at National-Standard Com- 
pany, Niles, Mich. Copperply is used 
for telephone coi nductor wire, stranded 
guy and ground wire and similar appli- 
cations requiring strength and corrosion 
protection. 


TTD aed 


Lawrence L. Bott, NACE member, has 
been appointed product manager in Na- 
tional Aluminate Corporation’s division 
of industrial process chemicals. Robert 
C. Canapary, another NACE member, 
has been named product manager for 
petroleum industry chemicals. Robert R. 
Burns has been named manager of the 
corporation’s product development di- 
vision. 

® 
James S. Anderson has been appointed 
general manager of Babcock & Wilcox 
Company’s Tubular Products Division. 

° 
Francisco Chairez has joined National 
Aluminate Corporation as manager of 
the firm’s operations in Mexico City. 

@ 
W. W. Durand has been named chief 
metallurgist at Crucible Steel’s plant in 
Pittsburgh, Pa. 


William H. Dwyer, Jr., has been ap- 
pointed manager of mid- continent and 
Gulf coast sales for Graver Tank & 
Mfg. Co., division of Union Tank Car 
Co. Charles P. MacDonald has _ been 
promoted to assistant product manager 
at Graver’s plant in Sand Springs, Okla., 
and E. G. Vail to plant manager. 
(Continued on Page 98) 
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Now you can predict service life because Byers PVC Pipe Engineering brings a factual approach to piping system design 


F ACT: 400 corrosion 


resistance ratings 
are available for Byers PVC Pipe 


The ability of Byers PVC Pipe to handle various corrosive 
media is down in black and white. There are a number of 
tables available from Byers Engineering Service Department 
listing corrosion resistance ratings. Actual laboratory tests 
helped to determine these ratings. And we present them on a 
comparative basis with several metallic pipe materials. 

Since ratings appear only for 72°F and 140°F, these tables 
do not show all applicable ranges for Byers PVC Pipe. So if 
applications arise where you need more information, at a 
specific temperature and concentration, check with us. 

Remember—as in metals—concentration, temperatures and 
stress influence corrosion rates of PVC. Type I PVC displays 
considerably greater corrosion resistance than Type II, which 
is best where high impact resistance is the prime consideration. 
More of this story is available from the Byers field service 
representative. Call him, soon. A. M. Byers Company, 
Clark Building, Pittsburgh 22, Pennsylvania. 


(B)\ BYERS PVC PIPE 


ALSO SHEET AND ROD STOCK 





Resistance ratings are divided into four categories: E for 
excellent, G for good, L for limited, and U for unsatis- 
factory. In applications where PVC is rated as “good” 
and “limited” it will still display considerable resistance, 
in most cases higher than that of metal pipe materials. 


Write our Engineering 
Service Department for 
copy of this new 32- 
page illustrated cata- 
log on Byers PVC Pipe. 
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John Fuqua has been appointed chief 
plant metallurgist at Cooper Alloy Corp, 
Hillside, N. J. 


° 1H 
Russell G. Heyl, Jr., has been appointed ‘| ‘ 
chief engineer in research and develop- cone 
ment for American Metal Products amine 
Company of Detroit. metal 

° ces i 
Jerry D. Hix has been appointed metal- ternpt 
lurgical product sales manager for Svyl- hich 
vania Electric Products, Inc. be:n | 

e la:ge 


Richard G. Hume has joined A, M. 
Byers Company as field service engincer ane 
at the firm’s regional office in Boston. Chi 
e to pir 
90! F 
John T. Lurcott has been named prod- presst 
uct engineer at Carpenter Steel Com- Jf pj: | 
pany’s Alloy Tube Division, Union, N. J. § th-ee 
in a newer 
Ho i», Charles D. Preusch has been appointed § 2° att 
Te materials and process engineer at Cruci- sy sten 
Sat, ti { 


a 
oR 


ble Steel Company of America, Pitts- no de 
i burgh, Pa. two h 
‘ es in.oO < 


Richard H. Starrett has been appointed J ‘7S! 


chief production engineer at the Pfaud- 
ler Company. 

* 
Vincent C. Vesce, technical director for 
Harmon Colors, Allied Chemical’s Na- 
tional Aniline Division, Hawthorne, 
N. J., will present the Annual Joseph J. 
Matiello Memorial Lecture at the 37th 
annual Meeting of the Federation of 
Paint and Varnish Production Clubs in 
Atlantic City, October 23, 1959. 

2 


evapo! 
zeolite 
pH of 
ing ar 
aged : 
conde: 
dissoh 
20 to 
testing 
was f 
Oxyge 
mornil 


A. H. Ward, chief research engineer at 
United States Steel Corp., received the 
1959 Galvanizers Committee Award for 
distinguished service to the industry. 


e@ ' 
Morton Z. Fainman has been appointed a ie 


S E R V I ee E I oe N O - — of research for Bray Oil Com- J i. the 


° 
SECRET AT SPI | Robert L. Featherly, NACE member, is | "" ‘ 
f manager of the newly formed electro- A te 

chemical and chemical sales group of § '° obt 


Dow Chemical Company’s Magnesium fon s 
No secret to our customers for they know Products Sales Department at Midland, No. 1 


through experience that they can count a Mich. ciated 
on SPI to make deliveries of perfectly pro- heater, 


a 
; it i a William P. Hahn has been appointed made | 
— where it is wanted end when 4 technical manager of Johns-Manville § the sev 


Fiber Glass Inc., Toledo, Ohio. ee 
And no secret to our employees for every- p Ae 

: John E. Himmelrich, NACE member, J 6°PP& 
one at SPI is constantly re of the fact oo has been named eastern regional sales = I 
that their primary assignment is to pro- ba manager of Pittsburgh Coke & Chemi- mere 
duce c/w pipe exactly according to SPI’s ; cal Company’s Protective Coatings Divi- pe 
rigid Standard Procedures and to ship it to ag ~ succeeds eure F. —— cae 

r., wno 1S now Sales manager oO 1€ fe 

“% nee where and division’s regional office at Houston, Thee t 
when it is needed. ‘ Texas. tae 
Count on SPI for service . . . tees 
into th 


& 
J. A. Harmon has been appointed man- 
ager of technical services and .develop- Fi 
ment for Dowell Division of Dow Chem- of a 
ical Company at Tulsa, Okla. and th 
@ , 


Herbert E. Hirschland has been elected This 5 


vice president in charge of commercial d eves 
development for Metal & Thermit Corp., Amir 
New York, N. Y. dense 


Cinci 

. . a 3 ci 
standard pirpeprotection inc. Middle has Sheek eomieeed wane ee 
of industrial sales for the Houston, en 
Texas, paint division of Pittsburgh Plate 7 
Glass Co, 


3000 SOUTH BRENTWOOD BLYD.® ST. LOUIS 17, MO. 





A, M. 
igineer 
ston. 


Pfaud- 


tor for 
’s Na- 
1orne, 
seph J. 
ie 37th 
ion of 
lubs in 


neer at 
red the 
ard for 
try. 


pointed 
| Com- 


iber, is 
slectro- 
oup of 
nesium 


‘idland, 


pointed 
fanville 


ember, 
1 sales 
Chemi- 
‘s Divi- 
Prusler, 
of the 
ouston, 


d man- 
evelop- 
Chem- 


elected 
mercial 
t Corp., 


lanager 
ouston, 


h Plate 


Introduction 
T HE USE of amines in condensate 
cycles to reduce corrosion has be- 
cone widely accepted. The filming 
amines which form a protective film on 
m«tal surfaces have been used with suc- 
ce s in low pressure plants. In an at- 
tempt to control corrosion in a relatively 
hi-h pressure plant, filming amine has 
be:n used for a period of two years at a 

la:ge electric utility plant. 


Description of Plant 


This electric plant consists of two 
to ping units operating at 1250 psig, 
90! F, 250 psig exhaust and four low 
pr ssure condensing turbines. Each top- 
ping unit is supplied with steam from 
thee open-pass slag tap boilers. The 
newer No. 6 Unit has a spray type de- 
aerating heater; No. 5 Unit is a closed 
system with deaeration in hotwell but 
no deaerating heater. Exhausts of the 
tvo high pressure topping turbines go 
ino a common header and the con- 
densate from four low pressure turbines 
discharges into a common header. 

Condensers are provided with steam 
je: ejectors and after-drips are dis- 
charged to waste to keep ammonia in 
the system low. Make-up is provided by 
evaporators which are fed by sodium 
zeolite softened Ohio River water. The 
pH of the condensate before use of film- 
ing amine ran from 6.5 to 8.0 and aver- 
aged about 7.3. Oxygen content in the 
condensate as shown by a Cambridge 
dissolved oxygen analyzer is normally 
20 to 30 PPB. During the period of 
testing, one low pressure unit generally 
was removed from service each night. 
Oxygen is high during start-up in the 
morning, reaching values as high as 17 
ppm. Sodium sulfite is fed continuously 
at the hotwell to provide a low residual 
in the boilers. 


Iron Corrosion Rates Before Treatment 


A testing program was started in 1953 
to obtain data on the corrosion rate of 
iron specimens in these units. Because 
No. 1 low pressure unit and its asso- 
ciated system was without deaerating 
heater, use of this unit and cycle was 
made to provide the best information on 
the severity of corrosion. Because of the 
problems with condenser leakage, ana- 
lytical methods of testing for iron and 
copper probably would provide informa- 
tion hard to correlate. Consequently, 
corrosion test specimens placed in the 
operating cycle were used. These speci- 
mens consisted of steel and copper strips 
mounted on 1%4-inch pipe plugs insulated 
from the plug by plastic mounting strips. 
[hese plugs could be inserted in speci- 
men locations in standard couplings or 
tees where the specimen could project 
into the condensate flow path. 

Figure 1 shows a schematic diagram 
of the low pressure condensate cycle 
and the location of seven test specimens. 
This portion of the cycle contains one 


* Revision of a paper titled ‘‘Use of Filming 
Amine for Prevention of Corrosion in Con- 
densate Systems’’ by Edward E. Galloway, 
Cincinnati Gas and Electric Company, Cin- 
cinnati, Ohio, presented at a meeting of the 
North Central Region, National Association 
of Corrosion Engineers, October 15-17, 1958, 
Cincinnati, Ohio, 
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heater which raises the condensate from 
condenser temperatures to about 150 F. 
Test specimens placed in the cycle when 
the unit was off overnight remained in 
the cycle for 30 days. After removal, 
they were cleaned, weighed and corro- 
sion rate calculated. The following tables 
give these results as milligrams per 
square decimeter per day. 

Table No. 1 shows the results of four 
testing periods from 1954 to 1956 using 
iron specimens, Several other tests were 
conducted, but these four were used be- 
cause they were the most complete tests 
available. Table No. 1 also shows the 
average corrosion rates of the four test 
periods. 

One other complete test was made in 
January, 1956, which is not given in 
Table 1. During this period the Ohio 
River was very low and organic ma- 
terial was exceptionally high causing 
high ammonia values in the condensate. 
This ammonia caused elevated pH’s not 
normally present in this system. There- 
fore, these results would not indicate 
normal corrosion conditions. As _ ex- 
pected on steel specimens, the normal 
corrosion rate was cut almost in half 
by the ammonia present during this 
month. 


STEAM FROM TOPPING 
URGING TURBINE EXHAUST 
HEADER TO HP HEATERS 
& HP BOILER 
FEED PUMPS 
9TH STAGE 
EXTRACTION 


VERTICAL 
CONDENSER 


® 


HOTWELL HEATER DRAIN 


O 
CONDENSATE 
PUMP 


Figure 1—Condensate cycle of an electric utility 
plant 


Abstract 


Covers the use of filming amine to pro- 
tect turbines and condensate systems 
against carbon dioxide and oxygen corro- 
sion at an electric utility plant. Effects 
on corrosion test specimens in various 
locations before and_after use of filming 
amine is described. Other data pertaining 
to the effects of the amine on_ turbine 
erosion-corrosion are given in tables. 5.8.4 


Filming Amines Control Corrosion 
In Utility Plant Condensate System’ 


Results of the first two test periods 
on Specimen No. 4 were not used to 
calculate average corrosion rates. Some 
error must have been made in the pro- 
gram; the corrosion rate at this location 
logically should be almost the same as 
the three other specimens around the 
heater. Results of the last two test 
periods indicate that this is the case. 

The results show that the corrosion 
rates especially around the 9th stage 
heater were excessive, Corrosion rates in 
low temperature area around the con- 
denser were not excessive. Inspection of 
the test specimens indicated that the 
primary attack on Specimens 1, 2, 3, 4 


and 7 was etching or carbon dioxide 
attack; Specimens 5 and 6 showed pit- 
ting as the primary attack. This pitting 
probably was caused by oxygen leakage 
at the heater since there has been a 
history of oxygen leakage at this point. 


Filming Amine Treatment 


An octadecyclamine derivative was 
introduced into all cycles (Table 1 and 
Figure 1) in August, 1956. Feed rate of 
the initial feed was 1 ppm based on 
make-up. This rate was increased grad- 
ually until a feed rate of 5 ppm based 
on make-up was reached ‘+ February, 


(Continued on Page 100) 





TABLE 1—Condensate Cycle Iron Corrosion Rate* Without Treatment 


Specimen and Location 


1 Condenser Vapor Space.. 


2 Condensate L eaving Hotwell. 


3 Condensate to 9th Stage . Heater. ; 


4 Condensate Leaving 9th Stage Heater 


Test 1 Test 2 


~10** 


Test 3 


8.3 
16 


17 





5 Heater Drain Pump Suction. . 


6 Heater Drain Pump Diacharee. cre 


7 Low Pressure Boiler Feed Pump Suction. Bical 

















* Corrosion rate measured in mg/dm?/day. 
** Not used to calculate average corrosion. 
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1957. A rate of 5 ppm in make-up is 
equivalent to about 0.2 ppm in the con- 
densate. Feed is continuous at hotwell 
pump discharge. 

Inspections of the cycle indicate that 
a non-wettable film was present in the 
condenser and after-condenser of jet 
ejectors. No buildup of amine was noted 
in after-condensers. Terminal tempera- 
ture differences at the heaters showed 
some improvement especially in the low 
pressure heaters. No heaters have been 
physically inspected since the feed of 
amine. 


Iron Corrosion Rates After Treatment 


Results of four tests after the feed of 
amine are shown in Table 2. These tests 
are of 30 days’ duration and at the con- 
stant feed of 3%4 lb per day amine feed 
or 5 ppm based on make-up. Except for 
one test of Specimen 7, results were 
excellent. The corrosion rate at all loca- 
tions in this low pressure condensate 
cycle was low. The percent reduction of 
corrosion based on the average corro- 
sion rate is shown in Table 3. The cor- 
rosion reduction around the 9th stage 
heater drain pump was significant since 
this area had heavy oxygen corrosion. 


OF CORROSION 
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Copper Corrosion 


Although copper corrosion had never 
been a problem, the effects of the amine 
against the copper in the cycle were 
checked. Consequently, copper specimens 
were installed in some of the tests. Table 
4 shows results of the copper specimen 
tests. Little data was collected before 
the use of amine in these cycles, but, as 
expected, the tests showed the copper 
corrosion rate was satisfactory before 
the use of amine. 

Two complete tests run with copper 
specimens after the use of amine inci- 
cated that copper corrosion is extremely 
low. Although results before and after 
amine treatment are difficult to compare, 
the data available indicated that copper 
corrosion rate had not been increased 
and probably had been decreased. 


Turbine Corrosion-Erosion 


Inspection of the newly rebuilt low 
pressure No. 2 turbine in July, 1956, 
after two years’ operation indicated a 
serious erosion-corrosion problem in the 
machine’s last stage. After the turbine 
was rebuilt, its improved efficiency 
caused greater water quantities in the 
last stages. This low quality steam 
caused heavy metal losses on the un- 
stellited blades. Depth of penetration of 
the last stage wheel was as much 
%Z-inch over 12 to 15 inches of blade 


(Continued on Page 103) 


TABLE | 2-—Condensate Cycle Iron Corrosion Rate After Treatment* 


Specimen and Location 


1 Condenser Vapor Space........ 


2? Condensate Leaving Hotwell 





Avg. 
Test 4 Rate 


2.4 2.6 
4.0 





3C condensate to 9th Stage Heater 


3.8 





4 Condensate Leaving 9th Stage Heater 


5 Heater Drain Pump Suction. 





6 Heater Drain Pump Discharge. 





7 Low Pre ssure Boiler Feed Pump Suction. 











* Corrosion rate abeuiiiill in mg/dm2/ /day. Amine feed was 3 Ib per vay. 


** Not used to calculate average corrosion rate. 


Specimen and Location 


1 Condenser V apor Space 


2 ondensate I eaving Hotwell 


3 Condensate to 9th Stage Heater 


4C ondel nsate Leaving 9th Stage Heater. 


5 Heater - Dri ain Pump Suc tion. 


6 Heater Drain Pump Discharge 


7 Low Pe ssure Boiler Feed Pump Suction. 


Specimen and Location 


1 Condenser V apor Space . 


2 ¢ sondensate L eaving Hotwell.. 


3€ ondensz ite to 9th Stage Heater... 


4C ondensate Fr rom 9th Stz ge Heater. . 


5 Heater Drain Pump Suction. 


7 Lo ow Pressure “Boiler F eed Pump Suction 


* Corrosion rate meas ence in mg/dm?, any. 


| 


No Treatment 


TABLE 3——Condensate Cycle Iron Corrosion Rate Averages 


Average Rates % 
Reduction 





With Treatment | Corrosion 





TABLE &-—Contonnate Cycle Copper Corrosion Rate* 


_No Treatment | After Treatment 


Test 3 | Test 4 


| ‘Test 2 % 
| - | ae 
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CHROMATE COMPOUNDS 
STOP CORROSION before it starts! 


Long before the first drop of water 
contacts metal in any large recircu- 
lating water system, steps should be 
taken to prevent corrosion. 

Early in the design stage, plan on 
adding a chromate inhibiting com- 
pound to recirculating water—from 
the moment operation starts. That 
way, clean metal stays clean. Chro- 
mate inhibiting compounds will also 


arrest corrosion in older systems 
that have been operating without 
protection, even where rust and 
scale make it more difficult for in- 
hibitors to reach and protect the 
metal. 

Chromates work two ways: they 
make waters non-corrosive while 
making metal surfaces corrosion- 
resistant. Chromate inhibiting com- 
pounds are easy and inexpensive to 


use. Since conditions and equipment 
vary, a variety of compounds are 
available to meet individual require- 
ments. 

For the names of manufacturers 
of corrosion inhibiting compounds 
containing Mutual Chromium 
Chemicals, or information on Mu- 
tual Chromium Chemicals, mail the 
coupon below. 


Mutual® Chromium Chemicals 


Potassium Bichromate 
Potassium Chromate 
Ammonium Bichromate 
Koreon (one-bath chrome tan) 


Sodium Bichromate 
Sodium Chromate 
Chromic Acid 


llied 


ulin?) 


SOLVAY PROCESS 
DIVISION 
61 Broadway, New York 6, N. Y. 


\lutuat Chromium Chemicals are available through dealers and 
SOLVAY branch offices located in major centers from coast to coast. 





MUTUAL CHROMIUM CHEMICALS 

SOLVAY PROCESS DIVISION 

Allied Chemical Corporation 

61 Broadway, New York 6, N. Y. 

Please send: 

(1 List of manufacturers of corrosion inhibiting 
compounds. 

1 Booklet “Mutual Chromium Chemicals.” 
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Company__ eaten eee celal 
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Painting foreman at large 
East Coast shipyard says: 


“We've tried lots of coatings: none 
equals Bitumastic for salt-water exposure” 


This yard, one of the largest on the Eastern Sea- 
board, first tried a Bitumastic coating system for 
the protection of floating dry-dock wing-walls in 
1957. The excellent performance of the coatings— 
and the firm’s evaluation of competitive materials— 
led to the specification of the same system for the 
yard’s newest dock. The two docks, old and new, 
are shown at left and right in the above illustration. 

The yard’s painting foreman notes that the two- 
year old Bitumastic coating system, with a total 
thickness of 60 mils, has been unaffected by con- 
stant wetting and drying cycles under salt-water 


exposure. Minor mechanical damage will not require 
touch-up for another two years. 

Do you have a salt water corrosion problem on 
dockside facilities, off-shore rigs or production 
equipment in swampy ground? If so, it’s likely that 
Bitumastic coatings can help you reduce corrosion 
costs. The coupon will bring you more information 
... or the personal attention of the Koppers repre- 
sentative or authorized Bitumastic industrial dis- 
tributor near you. Koppers Company, Inc., Tar 
Products Division, Pittsburgh 19, Pennsylvania. 
In Canada, Koppers Products, Ltd., Toronto. 
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District Offices: Boston, Chicago, New York, Los Angeles, Pittsburgh and Woodward, (Birmingham, Ala.) 


pipin, 
Koppers Company, Inc. at 


= BITUMASTIC. | 


Dept. 100H, Pittsburgh 19, Pa. 
Gentlemen: 
REG. U.S. PAT. OFF. ectic 
n thi 


Please send me additional information on Bitumastic 
COATINGS AND ENAMELS 4 


Protective Coatings for industrial corrosion prevention. 
ects 


Another fine product of COAL TAR ae 
suc 


Name sess arian ance 
Firm_ aie lll tal oat 
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Offshore Platform Shows 


Corrosion Rate of Casbon Steel 


In Gulf of Mexico Exposure” 


‘ALVAGE OF an offshore platform in 
.) the Gulf of Mexico provided an oppor- 
tinity for close inspection of corrosion 
dimage to carbon steel which had been 

posed in 20-foot water for approxi- 

ately nine years. 

A vertical section 1 by 12 feet from a 

-inch OD steel conductor pipe was 
1-ed to check the corrosion rate. This 
siction included surfaces exposed from 

6.0 inches to +11.5 feet mean Gulf 

vel. A scissors caliper with a dial indi- 

tor was used to measure the average 
o- effective thickness across the removed 
section. 

The average corrosion rates taken at 

to 12-foot elevations (Figure 1) are 


Filming Amines— 
(Continued From Page 100) 


length. In addition, considerable metal 
loss was noted on diaphragm blades and 
diaphragm ledges out of the wet steam 
path. Immediately after this problem 
was discovered, amine treatment was 
started. 

In April, 1958, No. 1 turbine was in- 
spected two years after rebuilding. Full 
amine treatment had been used for over 
half this period. Inspection showed the 
turbine erosion-corrosion problem had 
not been arrested. Metal loss on the 
blades of this machine was as great as 
on No. 2 machine inspected in July, 1956, 
after two years with no amine feed. Dia- 
phragm and diaphragm ledges showed 
metal loss similar to the No. 2 turbine. 
Exhaust hood showed areas where ex- 
tremely heavy metal loss was evident. 
Many areas had the bright metal ap- 
pearance of active corrosion. Close in- 
spection showed little evidence of any 
non-wettable film in this area. In some 
areas on the hood out of the main steam 
path, some film was apparent, but little 
protection was provided for the major 
trouble areas in the turbine. Either the 
film was not stable in the area where 
steam velocities were great or the 
amount of amine in the wet steam was 
not sufficient to form a protective film. 


Conclusions 


The use of filming amine indicated the 
following conclusions. 

1. Filming amine will form a protec- 
tive film on metal surfaces in low pres- 
sure condensate systems. This film is 
evident in condensers and feedwater 
piping. 

2. The film gives protection against 
arbon dioxide and oxygen corrosion. 

3. Filming amine treatment offers pro- 
‘ection to systems used frequently for 
stand-by service because it offers pro- 
ection against oxygen which is present 
n this type service. 

4. Filming amine has no adverse ef- 
ects on copper and copper bearing 
illoys. It may offer some protection to 
such alloys in condensate systems. 


considered to be average rates for un- 
coated carbon steel not subjected to 
mechanical damage such as barges, 
boats, etc., and submerged in the Gulf of 
Mexico. 


Maximum average corrosion rate 
(0.021 ipy) was from 9.5 to 10 feet mean 
Gulf level. On submerged dolphin piling 
templates which were not cathodically 
protected, maximum corrosion rate was 
0.018 ipy. 


*% Revision of a paper titled “Corrosion Rate 
of Carbon Steel in the Gulf of Mexico’’ by 
Dean Patterson, Phillips Petroleum Co., 
Bartlesville, Okla., submitted April 6, 1959, 
for publication. 


5. Filming amine does not cause ob- 
jectionable dislocation of previously de- 
posited corrosion products when feed 
rate is increased slowly. 

6. Filming amine, when fed at rates 
sufficient to protect condensate systems, 
does not offer proper protection to wet 
areas of turbines. 
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Discussion by Wayne P. Ellis, Benjamin 
Foster Co., Philadelphia: 


What is the chemical nature of the 
film formed by the amine? 


Reply by Edward E. Galloway: 


I do not know of any investigations 
that have been made to determine the 
chemical nature of the film. 


Discussion by Richard D. Neidhard, 
Cincinnati: 
What method or way did you tell that 
the filming amine was actually present 
on the metal? 


Reply by Edward E. Galloway: 


A heavy film can be detected by feel. 
A thin film, such as is generally found 
on condenser tubes, can be detected with 
water. Water placed on these tubes will 
not adhere to the metal but will run off 
or form droplets similar to water on a 
waxed surface. 


Discussion by Homer L. Shaw, Youngs- 
town Sheet & Tube Co., Youngstown, 
Ohio: 

Have you found any evidence of stress 
corrosion cracking in the lines from use 
of amines? 


Reply by Edward E. Galloway: 


We have found no evidence of stress 
corrosion cracking in any lines with the 
use of filming amine. 
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Figure 1—Corrosion woe showing relation of cor- 

rosion rate of 24-inch carbon steel conductor pipe 

exposed on an — platform in the Gulf of 
exico. 


4th Annual Corrosion Control Short 
Course sponsored by the Miami Section 
will be held November 16-20 at the Key 
Biscayne Hotel, Miami, Florida. 


The University of Illinois Corrosion 
Control Short Course will be held on 
the Urbana Campus December 7-11. 
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Photo and information, courtesy of Chemical Processing Magazine 


Going two years! Nickel Stainless Steel 
doubles life of nitrogen oxide exchangers 


...has already saved thousands with more savings to come 


Until recently, corrosion of heat ex- 
changers at the Cooperative Farm 
Chemicals Association plant in Law- 
rence, Kansas was an acute problem. 
Sometimes the exchangers, used to 
cool nitrogen oxides, had to be com- 
pletely replaced within a year... at 
a cost of thousands of dollars. 

Now comes word that nickel-con- 
taining Type 304 stainless steel ex- 
changers... the ones shown above... 
have lasted two years. And they are 
expected to be on-the-job for some 
time to come. The units were made 
by Western Supply Company of 
Tulsa, Oklahoma. 


Temperature is reduced 410° F 
As a step in the production of 57% 
nitric acid, the units take nitrogen 
oxides derived from ammonia oxida- 
tion and cool them from 500°F to 
90°F. Each exchanger has 1305 
square feet of cooling surface. Sur- 
face is obtained with 473, %4-inch 
tubes. Tubes are Type 304L stainless 
steel. With the exception of channel 
side and external bolting, shells are 
also Type 304. 


Other savings 
In addition to eliminating early re- 
placement cost, the use of nickel- 


containing stainless steel in these ex- 
changers is materially reducing gen- 
eral maintenance and down time. 

In thousands of other chemical 
processing applications, nickel-con- 
taining stainless steels are doing as 
much or more. Contact your fabrica- 
tors about these useful steels. Or go 
to the producers of stainless steel for 
information. Ask them to suggest 
places where a stainless steel specifi- 
cation can save money in your plant. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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Material Selection in 


Chemical Milling Process* 


YHEMICAL MILLING has been 
C developed during the past five 
ycars as a production method by air- 
craft manufacturers, Many parts pro- 
di ced by chemical milling are not pro- 
d: cible by any other technique. 

Rather than being a destructive force, 
c rrosion has been controlled in this 
nilling process to produce intricate 
pitts with blue-print tolerances from 
sich diverse metals as aluminum, mag- 
n:sium, titanium and various stainless 
aid alloy steels. 

In the chemical milling process, parts 
ae first treated to obtain a chemically 
cean, uniform, dry surface. Then they 
ave masked by applying a protective 
coating using such techniques as dip- 
ping, spraying or flow coating. 


Mask Composition 

Mask composition varies according to 
tie exposure to be encountered during 
subsequent etching. Masks based on the 
elastomer neoprene have given good 
protection in the aluminum, magnesium 
and titanium systems. The steel etchant 
system, however, because it contains a 
mixture of hot oxidizing mineral acids, 
is the most aggressive etchant and re- 
quired superior resistance in the mask. 
Vinyl plastisol has been used, but the 
critical oven curing schedules have been 


% Extracted from a paper titled “Corrosion 
Problems in Chemical Milling’ by W. C. 
Rockwell, Chem-Mill Division, Turco Prod- 
ucts, Los Angeles 1, Cal., presented at a 
meeting of the Western Region, National 
Association of Corrosion Engineers, Nov. 
17-20, 1958, Los Angeles, Cal. 


TABLE 1-—Chemical Milling Systems 


a handicap. New products based on 
hydrocarbon elastomers have shown 
good promise and have much simpler 
baking schedules. 

Masks for use in the process must 
have unusual corrosion resistance prop- 
erties. Because dipping is a popular 
method of application, a two-part prod- 
ucts for the mask is unacceptable. The 
mask must be capable of being applied 
by brush, spray, dip, roller or flow-coat. 
Drying time between coats must be 
minimal, preferably. not over 30 minutes, 
and dry film build-up should be 2 to 3 
mils per coat. Oven curing is an un- 
wanted complication. On steel parts, 
however, baking is compulsory to de- 
velop the required resistance to the 
etchant’s attack. 

Adhesion of the cured film to the 
metal substrate is perhaps the most 
critical property of the mask. Adhesion 
must be low enough to permit easy 
hand stripping yet high enough to pro- 
vide good protection from physical 
damage in handling. 

After etching has proceeded to the 
desired depth, the part is removed from 
the etch bath and rinsed in water. 

The final step is removal of the mask. 

Table 1 gives the cleaner, deoxidizer 
and etchant solutions for aluminum, 
magnesium, steel and titanium systems 
with the tank material used for each 
system. 


Materials Used In Steel System _ 
In the steel system, rigid PVC piping 
has given good service in resistance to 





| 
Cleaner | 


Material | 
Etched | Material 


| Tank | 
| Temp |Material 


170- 
190 F 


Mild 
Steel 


Silicated 
or non- 


\luminum 
| 
| silicated 
| 


| mixture; 
| sulfate 
alkaline 


Magnesium 


Alkaline — Mild | 
Steel 


Alkaline 


| Alkatine 





litanium 


Alkaline | 


Mild | 
Steel | 
| 





| 

ev x4 
200 F | 
| 

| 


| 
| 
| 
| 


Deoxidizer 


Material | Temp | Material | Material | Temp 
| | | LL 


| Acidified 


and chro- | 
mate salts | 


| 

| Etchant 

| Tank 
Material 


| ‘Tank 


| 190- | 
| 200 F 


| Contains Mild Steel 
caustic 
| soda! 


PVC, 
| 18-8 
| Stainless 
| Steels 
s wen 
| Dilute 
| sulfuric 
| acid with 
| organic 
| and 
| inorganic 
| additives! | 


PVC 
Monel 
Vinyl 
plastisol 


Rigid 
PVC 

and acid 
proof 
brick with 
plasticized 
PVC 

| mem- 
brane, or 
| 


| Aqua 

| Regia 
contain- 

| ing 
dissolved 

| metal? 


poly- 

| fluoro- 

ethylenes 

* | Mild Steel 
lined with 
| plasticized 
| PVC 





| Chromic 
and 
hydro- 
fluoric 
acids 

| mixture 
| 


| 
| 
1 





1 A mist develops at the surface of the solution from the hydrogen which entrains an appreciable amount 
f caustic. Exhaust ventilation is necessary with vinyl plastisol coating on the duct work. ; 
2 Fumes from .the etchant surface contain hydrochloric acid and oxides of nitrogen—both noxious and 


corrosive. Duct work in the exhaust system can be mild steel lined with vinyl plastisol. 
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Abstract 


Briefly describes the chemical process. 
Discusses the milling system used for 
aluminum, magnesium, titanium and 
various steel alloys. Tabular data give 
cleaner, deoxidizer and etchant solutions 
and tank materials used for each solu- 
tion. 8.10.2 


chemical attack but requires careful sup- 
port to minimize structural strain. PVC 
is also subject to accidental breakage 
by impact. 

Steel pipes and fittings lines with 
glass or vinylidene chloride are resistant 
to etchant attack and are structurally 
strong. All such connections should be 
flanged. 

Heat exchanger construction may be 
of epoxy impregnated carbon, glass or 
tantalum, depending on such factors as 
size of installation, whether the ex- 
changer is placed in the tank or exter- 
nally in the piping, source of heat, type 
of circulation, etc. 

Pump construction in the steel system 
for circulation of the etchant can be 
epoxy impregnated carbon or glass 
lined steel. 

Because some of the acid components 
from the etchant bath will escape the 
exhaust system (see Footnote 2 in Table 
1) and enter the room atmosphere, in- 
terior structural surfaces should be pro- 
tected with a high quality maintenance 
coating such as a 5-mil dry film thick- 
ness of vinyl paint. 

Racks for holding parts immersed in 
the steel etchant may be made of mild 
steel coated with a vinyl plastisol such 
as is used on plating racks. 


Materials Used In Titanium System 


In the titanium system, piping may 
be of rigid PVC or vinylidene lined 
steel. Pumps and heat exchangers can 
be constructed of epoxy impregnated 
carbon. Exhaust system for fumes can 
be vinyl plastisol lined mile steel. 

Like the steel system, acid vapors 
from the titanium etching bath will at- 
tack structural members. A 5-mil coating 
of vinyl film or the equivalent should 
be used. 


Conclusion 


Through careful choice of proper pro- 
tective materials, highly aggressive so- 
lutions used in the chemical milling 
process can become new tools capable 
of producing aircraft and missile parts 
which are unproducible by other 
processes. 


Technical Topics Scheduled 
For September Publication 


Methods of Installing Cathodic Protection 
Anodes for Offshore Structures, by 
Wayne A. Johnson and James T. Condry 


Case Histories of Differential Aeration 
Corrosion in Underground Telephone 
Cables, by David T. Jones 


Mechanisms and Some Theoretical Aspects 
of Stress Corrosion Cracking of Austenitic 
Stainless Steels, by W. B. Brooks 


Rapid Field Measurement of Sub-Surface 
Corrosion of Aluminum, by Hugh P. 
Godard 
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save on steel! save on acid! save on pickling costs! 


... with Amchem Rodine! 


Exhaustive comparison tests with competitive materials 
prove time and again Amchem Rodine’s superiority in 
performance, with substantial savings in costs, acid and 
steel in the bargain. 


Amchem Rodine pickling acid inhibitors retard the at- 
tack of acid on the metal without lessening its capacity 
to remove scale. Not only do they save in metal and acid, 
but they reduce production costs and their efficiency 


improves the quality of the pickled product as well. 


If you are now using an inhibitor in your pickling bath, 
you'll want to investigate the three way savings highly 
concentrated Amchem Rodine can effect. Find out now 
about this superior Amchem inhibitor development, 
ask about our full time technical and engineering 
assistance program, and check Amchem for service you 
‘an depend on long after the sale! 


Write for free Bulletin 1381 with 
handy selection chart showing char- 
acteristics of and uses for typical 
Rodine Pickling Acid Inhibitors and 
Bulletin 1448 on Amchem Cupro- 
dine, the simple non-electrolytic 
immersion process for producing 
bright, adherent copper coatings on 
carbon and stainless steels. 


Effect of Uninhibited Acid 

This microphotograph of a low-carbon 
sheet steel panel pickled in uninhib- 
ited sulfuric acid shows deep etching 
and the pitted character of the surface 
after 5 minutes in the solution. 


Effect of RODINE-INHIBITED Acid 

Panel pickled for 5 minutes in Rodine- 
inhibited sulfuric acid, then micro- 
photographed. Only scale pockets and 
roll marks are visible; no pitting of 
the low-carbon sheet steel occurred! 


<@>AMCHEM 


RODINE 


Amchem Rodine is another chemical development of Amchem Products, Inc., Ambler 32, Pa.» Formerly American Chemical Paint Company 
Detroit, Mich. « St. Joseph, Mo. « Niles, Calif. * Windsor, Ont./Amchem, Rodine and Cuprodine are registered trademarks of Amchem Products, Inc. 
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Figure 1—Dip coating of sheet steel immersed for 
10 minutes. 





OLY VINYLCHLORIDE plastisols 
were first used industrially in the 
electroplating industry to protect plat- 
ing racks from acids and chemicals and 
later were used to protect fume exhaust 
ducts, hoods, blowers and tanks. 

Use of chemically resistant plastisols 
include steel pickling, uranium ore proc- 
essing, manufacture of triple superphos- 
phate, in rayon related industries, heavy 
chemical and titanium chloride produc- 
tion, electroplating, electrochemical, pulp 
and paper industries and metals refining. 

Plastisols are applied by dip coating, 
simple and slush moulding, rotational 
casting and spray coating. 


Dip Coating 


Dip coating is the application method 
generally used for protecting fume ex- 
haust ducts, hoods, blowers, floor grat- 
ing, handrails and structural members. 
Metal parts are preheated to pre- 
determined temperatures and dipped 
while hot. The part is immersed care- 
fully: to avoid air entrapment and with- 
drawn slowly. Gelling of the coating 
occurs simultaneously. The part also 
can be allowed to cool in the vat until 
all sensible heat is dissipated in gelling 
the plastisol. The excess plastisol must 
be allowed to drain off—a time consum- 
ing process. Coated parts from both 


*& Extracted from a paper titled ‘‘Recent Prog- 
ress in Industrial Uses of Plastisols’” by J. 
Watson Pedlow, Quelcor, Inc., Chester, Pa., 
presented at a meeting of the 15th Annual 
Conference, National Association of Corro- 
sion Engineers, March 16-20, 1959, Chicago, 
Illinois. 


Recent Developments in Applying 
Polyvinylchloride Plastisols* 
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Figure 2—Coating thicknesses on a 3/16 by 1-3/16 
inch floor grating bar as affected by pre-heat 
temperature and immersion time. 


Abstract 
Discusses industrial application of poly- 
vinylchloride plastisols by dip coating, 
simple and slush moulding, rotational 
casting and spray coating. Also presents 
recent developments such as controlled 
thicknesses on large steel panels and 
rigid plastisols with components reactive 
with either catalysts or hardeners to give 
chemical resistance, low water absorption 
and heat stability. 5.4.5 


types of dipping are heated to approxi- 
mately 375 F to produce fluxing of resin 
and plasticizer. 

The amount of build-up for a given 
plastisol is a function of the available 
heat which depends on the mass of 
metal and the preheat temperature. 
Figure 1 indicates the coating thickness 
possible with a single dip when panels 
of different gauge are preheated to 350 F 
and 440 F. The samples were immersed 
until the coating became an insulator 
and no further gelling was possible be- 
cause of the temperature gradient. 

In dip coating, even after several 
hours of operation, the plastisol does not 
heat perceptibly because of the insula- 
tion effect of the coating. Figure 2 illus- 
trates the pick up on a %g by 1%@ floor 
grating bar. 

Dip coating is used also to prepare 
large sheets for field lining by dipping 
unprimed panels. Sheets prepared in this 
manner are stripped off the unprimed 
steel panels after curing. A multiple ce- 
ment system similar to that for calen- 
dered sheets is used to apply the lining 
to the vessel. Joints are filled with plas- 
tisol and sealed with a hot air gun and 
welding strips. Gasket material ranging 
in durometer from 15 to 75 is prepared 
in this manner. 
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Figure 3—New application method of applying coat- 
ings to large plates which are shaped, welded and 
the uncoated weld then coated with the plastisol, 


Sleeves, boots, expansion joints, valve 
and pillow block shrouds and gloves are 
made by dip coating ceramic, cast alu- 
minum, sheet metal or electroformed 
forms and removing the part after 
curing. 

If flow characteristics are controlled, 
such items as wire baskets can be dipped 
cold and withdrawn slowly for a 0.030- 
inch coating per dip. This method is used 
for racks and baskets in automatic dish- 
washers. 


Simple Moulds 


Another widely used plastisol applica- 
tion method is to cast items in simple 
moulds at atmospheric pressure. The 
durometer can be varied from 10 for 
printing rolls to over 100 for special 
rigid PVC fitting lining. Mould release 
agents can be incorporated in the plasti- 
sol or applied to the mould surface. 


Slush Moulding 


A third method for making plastisol 
parts is slush moulding. An inexpensive 


(Continued on Page 108) 



























































































































Recent Developments— 


(Continued From Page 107) 


electroformed mould is filled with plasti- 
sol and heated to start gelling; the ex- 
cess is poured out and fusion completed 
by additional heating. Gloves, boots and 
shrouds can be made in this manner. 


Rotational Casting 

Rotational casting of parts gives 
higher production rates than the other 
application methods. Inexpensive moulds 
are used, and the exact plastisol charge 
is added to the mould before closing. 
Uniform coating thickness is achieved 
by: rotating the mould on two axes dur- 
ing heating to promote gelling and 
fusion. Spherical floats and automotive 
air ducting are made in this manner. 
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For parts too large for dipping or 
where economy requires coating appli- 
cation to one surface only, plastisols are 
sprayed in multiple coats of approxi- 
mately 0.040 to 0.050 inch per coat. Be- 
cause of the high yield values, impinge- 
ment of the sprayed plastisol produces 
a noticeable orange peel effect. Often, 
orange peel can be eliminated by using 
newly developed airless spraying equip- 
ment. The spray method is highly effec- 
tive for lining large tanks because a 
seamless coating can be obtained. Thick- 
nesses of 349, 4, %g6 inch or greater can 
be attained. 

More Recent Developments 

More recent developments in the 
plastisol field will open up more oppor- 
tunities for the use of this material. An 
outstanding development has been the 
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application of a controlled thickness of 
plastisol on large steel plates. Plastisol 
for this application is a special chemical 
resistant formulation with low perme- 
ability which is heat-fused to the metal. 
The adhesive system builds resistance 
to stripping above 75 pounds per inch 
as compared to a 25-pound maximum 
possible with conventional sheet lining 
systems. There is no air or solvent en- 
trapment between the lining material and 
metal as is in sheet linings. Ninety per- 
cent of the lining work is performed in 
the shop under controlled conditions. 

This new method consists of applying 
coatings of thicknesses of 4g to %@ inch 
or heavier to large plates. A 2 to 3-inch 
unprimed and unadhered border permits 
folding back the lining so the steel can 
be welded. After welding and cleaning, 
the unadhered flap is attached to the 
steel by a special adhesive system. The 
butt joint is filled with the same plastisol 
and infrared cured. For added strength 
at the joint, a sealing cover strip can 
be heat-fused in place. This procedure is 
shown in Figure 3, 

Tank shells can be rolled and welded 
in the shop; tank bottoms can be cut to 
size, shaped and welded into larger sec- 
tions in the shop. Dished heads can be 
clad prior to welding to the cylinder. 
Fittings can be precoated and provided 
with an integral spool type lining. The 
lining is then folded back into the flange 
nipple; the nipple is welded in place 
and the lining and flange then pulled out 
of the nipple and cemented to the inside 
lining on the tank. If an extra outlet is 
required, holes can be flame cut through 
the steel and lining, the nipple welded 
in place and the area covered with the 
lining on the interior of the nipple. 

About 30 percent fewer seams are re- 
quired by this technique. This method 
also lends itself to fabrication of pre- 
clad plates which can be assembled into 
electroplating tanks and other smaller 
vessels on a do-it-yourself basis. Tech- 
niques for joining these pre-clad tank 
walls and bottoms have been developed 
in which special epoxy joints backed 
with light weight angles have been used. 
Several vessels fabricated in this manner 
are now undergoing tests. 

Variations in this technique permit the 
use of a rigid plastisol in place of the 
flexible type or a sandwich construction 
using the rigid over flexible. The rigid 
plastisol can be applied by overdipping 
or spraying. This relatively simple 
method can be undertaken by companies 
fabricating vessels for the chemical proc- 
ess industry. 

Another recent development is a rigid 
plastisol whose plasticizer components 
are reactive with either catalysts or 
hardeners to give products which have 
outstanding chemical resistance, ex- 
tremely low water absorption and ex- 
cellent heat stability. PVC temperature 
resistance has been attained above 180 F. 

Parts can be dip-coated by conven- 
tional methods or spray coated with an 
airless spray system without the use of 
volatiles. Physical properties of rigid 
PVC sheets and rigid plastisols are 
given in Table 1. 

As the heat distortion temperature is 
increased, the impact strength suffers. 
This factor is not serious as far as the 
lining is concerned if the lining is backed 
by steel. Where high impact strength is 
required for self-supporting members, 
this factor can be overcome by the use 
of fibre glass in the form of flock or 
fabric. High heat distortion type plasti- 
sol wiil permit PVC applications which 
have been ruled out for temperature 
reasons. 
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S THE isomerization process used 
in refineries today involves the in- 
fluence of hydrochloric acid at high pres- 
sures and temperatures up to the acid’s 
boiling point, the process vessels used re- 
quire a very high resistance to corrosion. 
A highly corrosive resistant nickel alloy, 
can provide the needed protection. 

This alloy is a fairly expensive sub- 
stance which requires considerable metal- 
working skill to fabricate. Ways must 
be sought to retain the alloy’s advantages 
while holding fabrication costs to a mini- 
mum. With increasing demands for high 
octane gasolines for both civilian and 
defense purposes, the need for new 
methods of working with this alloy is 
increasing also. 

An excellent example of efficient use 
of this nickel alloy as a lining for a pres- 
sure vessel is a 13,000-pound vessel man- 
ufactured for a refinery in Mexico. A 
procedure of applied liners, seam-sealing 
and overlay strips to a base of relatively 
inexpensive carbon steel was used, Cost 
of the vessel was approximately $22,000. 


half way between that of the lined vessel 
and the solid alloy vessel. 

When fabrication of a pressure vessel 
for the Mexican refinery was considered 
the most economical approach to the 
corrosion problem was decided to be 
construction of a carbon steel vessel 
completely lined with nickel alloy. Con- 
structed under the rules of the ASME 
Boiler and Pressure Vessel Code, Sec- 
tion VIII, for corrosive service at 350 
psi and 450 F., the vessel is expected to 
give many years of satisfactory service. 


Design and Fabrication Procedure 

Preliminary steps in the construction 
process were those of cutting to size 
and forming all carbon steel parts. The 
lining material (nickel 61 percent, molyb- 
denum 26 to 30 percent, iron 4 to 7 per- 
cent, cobalt 2.50 percent, chromium 1.00 
percent, manganese 1.00 percent, silicon 
1.00 percent and carbon 0.05 percent) 
also was cut into plates and formed 
whenever this could be done preceding 
actual fabrication. The shell section was 


Nickel Alloy Lining Cuts 


In a Refinery Isomerization Unit* 


If this same vessel had been constructed 
of solid corrosion resistant nickel alloy, 
the cost would have been over twice this 
amount. 

Another approach to the problem 
might have been the use of integrally 
clad metal. This process, still under de- 
velopment, is being done successfully 
with shell and head material but requires 
that the supplier perform the fabrication 
and joining functions by his own manu- 
facturing procedures. Cost of the com- 
pleted vessel would be approximately 


% Revision_of a paper titled ‘‘Hastelloy Alloy 
Lining Cuts Isomerization Unit Costs’ sub- 
mitted by John F. De Lorenzo, Manning & 
Lewis Engineering Co., Newark, N. J., Oc- 
tober 6, 1958. 
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planned to be lined with 8 courses of 
%4 inch thickness by 7-inch wide alloy 
sheet. Each course would contain 4 
pieces 7 by 46%-inch long, laid in trans- 
versely one at a time. 

Prior to welding each liner piece, the 
shell area to be covered was sandblasted. 
Strips were kept tightly against the shell 
by a hydraulic jack and a hard wooden 
form. This gave greater ease in welding 
and also helped dissipate the heat gen- 
erated by welding. No preheating was 
used because the alloy is hot-short at 
elevated temperatures. Welding was done 
by the metal arc process in the down- 
hand position with coated stainless steel 
310 electrodes for the carbon steel to 
alloy welds. Normal current for the %- 
inch electrode used is 90 amps at 25 
volts. To keep the heat effect on the 
alloy to a minimum, the electrode was 
directed almost entirely on the steel 
with the edge of the arc making contact 
with the liner. A single bead was used 
and laid in at the most constant speed 
possible for non-automatic welding. To 
avoid locked-in stresses, one short and 
one long edge of the liner were welded 
and allowed to cool prior to welding the 
other two edges. 

Procedure for lining the elliptical head 
was more complicated. Positioned con- 
cave side up, the elliptical head was sur- 
mounted by a pipe tripod with tripod 
legs clamped to the straight flange. The 
apex served as the pivot point for the 
hydraulic jack that exerted pressure on 
the hard wooden forms used to position 
and form the various liner pieces. The 
welding techniques were identical to that 
used on the shell. 

Spaces between adjacent liner sections 
were covered by 2-inch wide strips of 
14 gauge nickel alloy. These overlay 
strips were held in position in the same 
manner as the liner pieces and were 
welded to the alloy lining using the 
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inert-gas metal arc-welding process with 
30-inch diameter bare wire as filler 
metal. Channels under the overlay strips 
were continuous throughout the vessel 
to permit testing of the overlays for 
leakage. 


Testing 


Testing of the vessel’s lining was ac- 
complished by introducing pressure be- 
hind the overlay strips. 

Weep holes %g¢-inch in diameter were 
drilled behind all pieces of overlay strip- 
ping. A similar hole was drilled behind 
each piece of liner plate. Pipe couplings 
were then welded over each weep hole. 
Air at 15 psig pressure was introduced 
through an overlay strip weep hole at 
one end of the vessel. All other weep 
holes under the over-lay strips were 
checked for air flow and then plugged. 
This procedure made certain that air 
was flowing through the space under 
all overlay strips. 

With all weep holes plugged, inside 
seams were checked for leakage by 


Costs 


Abstract 


Describes a corrosion, resistant nickel 
alloy lining used in_an isomerization unit 
fabricated for a refinery in Mexico. De- 
sign, fabrication procedure and tests con- 
ducted on the unit are discussed “er, 


means of preliminary soap and water 
tests, followed by highly sensitive tests 
using Freon and a halogen leak detector. 
These showed all seams free from leak- 
age. The plugs were then removed, and 
an internal halogen test was performed 
with all external seams and weep holes 
being probed. 

After removing the couplings, weep 
holes in the bottom head were plug 
welded. The bottom head jacket was 
installed, and the entire unit subjected 
to final hydrostatic testing. This was 
done at 525 psig in the shell and 115 
psig in the jacket. 
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3. CHARACTERISTIC 
CORROSION PHENOMENA 


3.2 Forms 


3.2.2, 6.4.2, 2.3.6 

Etch Pits in Aluminum. (In Japa- 
nese.) Zenji Nishiyama and Hiroshi 
Fujita. Inst. Sci. and Ind. Res., Memoirs 
Osaka University, 15, 113- 128° (1958). 

Etch pits in aluminum were observed 
by electron microscope. The pit origi- 
nates at an etching nucleus and grows 
by etching with three composite (100) 
planes intersecting at the nucleus. At 
the beginning of formation it has the 
form of a circular cavity, but when it 
becomes larger than several hundred A 
in size it is angular so that the geo- 
metrical type of the pit can be distin- 
guished. In most cases the origin of the 
nucleus seems to be the edge dislocation 
accompanied with the atmosphere of 
solute atoms and the etching progress 
leaves fine contour lines around the nu- 
cleus. —ALL. 16870 


32.2, 625 

Corrosion Resistance of Stainless 
Steels. Intergranular Corrosion. (In 
Italian.) L’Acciaio Inossidable, 25, No. 
14, 5-16 (1958) Jan-April. 

Intergranular corrosion constitutes 
main negative characteristic of austenitic 
stainless steels of chromium-nickel and 
chromium-nickel-manganese composi- 
tion. Intergranular corrosion is not so 
much a function of fluid which comes in 
contact with stainless steel as it is of 
structure of steel itself. This is demon- 
strated when the steels are sensitized. 
Sensitization of stainless steels and dif- 
ferent theories of carbide formation are 
discussed. Photomicrographs, graphs.— 
INCO. 16578 


3.2.2, 3.7.4 

High Temperature ppeteeeree 
Cracking. D. Kramer and E. S. Machlin. 
i Metallurgica, 6, No. 6, 454 (1958) 
une 

Fraction of total grain-boundary area 
occupied by erect and voids was meas- 
ured using C. Smith’s method: num- 
ber of times ae length of line is in- 
tercepted by grain-boundary crack or 
void divided by number of times line is 
intercepted by grain boundaries. Results 
yield linear relation between total crack 
and void area and total high temperature 
strain. This result is strong argument 
against vacancy condensation mecha- 
nisms proposed for void growth. It was 
shown that amount of grain-boundary 
sliding is proportional to amount of high 
temperature elongation. This relation is 
expected to exist for nickel. Graphs.— 
NCO. 16539 


3.2.3, 6.2.2 

Texture of Iron Scale. Pt. 10. Texture 
of Ferrous Scale. (In Russian.) V. I. 
Arkharov and M. I. Simonova. Fizika 
Metallov i Metallovedenie, 4, No. 2, 278- 
290 (1957). 

Oxidation conditions; measurement of 
crystalline lattice of ferrous oxide; X-ray 
photographs of ferrous oxide crystals. 8 
references.—MR 15722 


3.2.2, 6.3.15, 3.7.4 

Delayed Failure and Hydrogen Em- 
brittlement in Titanium. R. D. Daniels, 
R. J. Quigg and A. R. Troiano. Case 
Inst. of Technology for U. S. Wright 
Air Development Center, U. S. Air 
Force, Feb., 1958, 62 pp. Available from 
Office of Technical Services, U. S. Dept. 
of Commerce, Washington 25, D. C. 
(Order PB 151139). 

The tendency for hydrogen induced 
delayed failure in an alpha-beta titanium 
alloy varied considerably with micro- 
structure, according to this report. The 
material used was a commercial 4 alumi- 
num-4 manganese alloy hot rolled in the 
alpha-beta region. As-received tensile 
strength was about 140,000 psi. Among 
many other conclusions, it was noted 
that a quenched structure was less sus- 
ceptible to delayed failure than aged or 
annealed structures and that the tendency 
for failures was magnified in all struc- 
tures by an increase in hydrogen content 
or an increase in strength level. Hydro- 
gen induced failures occurred by a proc- 
ess of crack initiation and controlled 
crack growth. Delayed failures resulting 
from creep were encountered, even in 
notched specimens. At both high and low 
temperatures, hydrogen induced delayed 
failure disappeared and the time required 
for failure as well as the minimum stress 
at which failure could occur increased at 
elevated temperatures.—OTS. 16473 


3.7 Metallurgical Effects 


3.7.2, 6.2.2, 3.4.8 

The Effect of Chromium on the Sul- 
fide Corrosion of Its Iron Alloys. (In 
Russian.) A. Semenova and P. V. 
Gel’d. Kirov Ural Polytechnic Inst. J. 
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Phys. Chem., USSR (Zhur. Fiz. Khim.), 
32, No. 5, 1087-1094 (1958) May. 

The similarity of the protective action 
of chromium in both the oxide and the 
sulfide corrosion of its alloys with iron 
was confirmed experimentally. It is 
shown that in the oxidation of chro- 
mium-iron alloys by sulfur, chromium 
accumulates in the inner scale layer, 
forming the spinel FeCr.S, When the 
alloy contains over 12% chromium, the 
inner layer consists predominately of 
the sulfide spinel, abruptly retarding the 
diffusion of anions and cations. This 
renders the alloy corrosion resistant. 
(auth)—NSA. 16629 


3.7.2, 3.7.3, 6.2.5, 3.2.2 

Influence of Nickel on Intergranular 
Corrosion of 18% Chromium Steels. 
J. R. Upp, F. H. Beck and M. G. 
Fontana. Trans. Am. Soc. Metals, 50, 
759772 (1958). 

Type 304 (18-8) stainless steel is made 
susceptible to intergranular corrosion 
when heated in the temperature range 
of approximately 1200 to 1400 F. This 
heat treatment imparts resistance to 
intergranular corrosion for Type 430 
(18% chromium) steels. Quenching from 
1900 to 2000 F provides optimum re- 
sistance to Type 304 but makes Type 
430 susceptible to intergranular cor- 
rosion. The major compositional dif- 
ference in these steels is nickel (8% 
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and 0%). Alloys containing intermedi- 
ate nickel compositions were cast, rolled, 
heat treated and tested to determine the 
influence of this element on corrosion 
behavior. It was found that the transi- 
tion occurs at about 2.5 to 3% nickel. 
Steels with higher nickel should be 
heat treated like the austenitic steels and 
those below like the ferritic steels. An 
unexpected result was the good resist- 
ance to intergranular corrosion of all of 
these alloys when water quenched from 
1400 F. (auth) —NSA. 16693 


3.7.2., 6.4.2 

Effect of Antimony Additions on Alu- 
minium Alloys. W. Thury. Metall, 11, 
No. 3, 190-192 (1957). 

Antimony additions to magnesium- 
containing aluminum alloys precipitate 
most of the magnesium in the form of 
primary Mg;Sb: crystals which form a 
pasty and easily separable sludge. How- 
ever, approximately 0.4% antimony is 
retained in the melt, which after solidi- 
fication appears as finely dispersed 
Mg:Sb: crystals; these, if the alloy con- 
tains silicon, are less corrosion-resistant 
than magnesium silicide, the formation 
of which is suppressed by the antimony 
addition. Although, technically this 
procedure might be of use in work- 
ing-up scrap magnesium-containing al- 
loys, the high cost of the antimony 
makes it uneconomic unless a cheap 
and simple method could be devised 
for recovering the antimony from the 
sludge. Increasing additions (up to 1%) 
of antimony to Silumin and Silumnin- “B 
alloys increase their ductility, but re- 
duce and finally suppress age- -hardening 
and, therefore, cannot be recommended. 


—MaA. 16389 


3.7.2, 6.4.2, 2.2.3, 4.6.11 

The Effect of Manganese and Chro- 
mium on the Characteristics of Alumi- 
num-5% Magnesium Wrought Alloys, 
(Report 2), Corrosion Resistivity (Part 
1), Corrosion in Seawater with Sample 
of 2.4 mm Thickness. Rihei Kawachi. 
Light Metals Japan, No. 29, 14-23 (1958) 
March. 

In order to confirm the effect of 
manganese and chromium in aluminum- 
3~ 5% alloys and of iron, silicon, cop- 
per, titanium, in aluminum-4 ~ 4.5% 
magnesium-0.5% manganese-0.2% chro- 
mium alloy on the corrosion resistivity, 
changes of tensile properties during im- 
mersion of the samples in the seawater 
for up to 12 months were tested. It is 
seen that, in general, aluminum-magne- 
sium binary alloys are the best and the 
addition of manganese, chromium, iron 
or copper decreases corrosion resistivity, 
whereas the effects of silicon, zinc and 
titanium are small. (auth)—ALL. 16069 


3.7.2, 3.5.8, 6.4.2 

The Relationship Between Magne- 
sium Content and Stress-Corrosion 
Susceptibility of Aluminium-Magnesium 
Alloys. W. J. Vance. J. Applied Chem., 
8, 18-23 (1958) Jan. 

The susceptibility to stress-corrosion 
cracking of commercial purity alumi- 
num-3.5% magnesium and aluminum- 
2.25% magnesium alloys was determined 
by corroding strain-aged 16 s.w.g. wire 
specimens by intermittent immersion in 
buffered 3% sodium chloride solution. 
Susceptibility values were 18.4 and 0% 
respectively. Results suggest that sus- 
ceptibility is proportional to alloying 
magnesium content—BTR. 15502 
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3.7.2, 3.8.3, 6.4.2 

Some Comments on the Anodic Oxi- 
dation of Aluminium Alloys Containing 
Copper. J. Herenguel and P. Lelong. 
Metal Finishing J., 4, No. 37, 20-23 
(1958) Jan. 

The addition of copper to aluminun 
gives rise to a certain number of specia 
features in anodic oxidation. When th: 
copper is not wholly in solid solutio: 
(as-cast structure or precipitation treat 
ed) local attack is inevitable. In solic 
solution, copper acts in the reverse way 
to magnesium, by hindering the mecha- 
nism of anodic oxidation and reducing 
its speed. It appears as if the presence 
of copper restrains the progress of the 
electrolysis and causes an actual block- 
age. The early re-attack at the electro- 
lyte-film interface for a given tempera- 
ture or current density may result from 
an increased electrical resistance of the 
film (thus causing a rise in temperature 
throughout the film thickness). The 
rapid attack on Al.Cu on the one hand 
and the early onset of attack on the 
oxide film surface on the other must 
not cause the fact to be overlooked that 
the presence of copper slows up the 
process of anodic oxidation of the solid 
solution itself. The resistance effect pro- 
duced by the growth of the oxide film 
is supplemented by a specific effect aris- 
ing from the presence of an insoluble 
copper compound. It would be particu- 
larly desirable to be able to dissolve 
such compounds during electrolysis 
which would make possible the treat- 
ment of aluminum-copper solid solu- 
tions under conditions approximating 
to those of Al itself, i.e., with the same 
practical possibilities. (auth)—ALL. 

15619 
3.7.2, 6.2.5, d:1.0 

Effect of Nickel in High-Carbon 
High-Chromium Die Steel. S. Koshiba 
and S. Nagashima. Paper before Iron 
and Steel Inst. Japan, April, 1957. J. 
Iron and Steel Inst. Japan, 44, No. 1, 
43-46 (1958) Jan. 

Experiment was conducted with the 
high-carbon, high chromium die steel 
containing nickel to check the effect of 
nickel on the mechanical properties of 
steel after heat treatment. Addition of 
about 0.5% nickel to the die steel would 
give a favorable effect to the distortion 
characteristic of the steel in the heat 
treatment.—INCO. 16826 


3.7.2, 6.2.2 

The Effect of Vanadium on Some 
Characteristics of Cast Iron. G. Meckler. 
Paper before Ausschuss for Guss, De- 
cember, 1956. Stahl und Eisen, 78, 900- 
906 (1958) June 26. 

Study of effects of additions of vana- 
dium (up to about 1%) on nickel, nickel- 
chromium, nickel-molybdenum, molyb- 
denum and _ nickel-chromium-molybdenum 
alloy cast irons. Influence on hardness 
and tensile strength (up to 450 C) in 
as-cast and annealed conditions is dis- 
cussed. Investigation was made of effects 
of alloy additions of nickel (1-2.8%), 
chromium (0.6-0.9%) and molybdenum 
(0.3-0.7%). Influence of vanadium on 
grey cast iron (about 1.15% silicon), 
with reference to roll applications is in- 
cluded.—INCO, 16970 


3.7.2, 3.7.3, 6.2.4 

Effect of Some Alloying Elements on 
Weldability of Low Alloy Structural 
Steels, (In Japanese.) H. Suzuki and 
H. Tamura. Paper before Iron and Steel 
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August, 1959 


Inst. Japan, April, 1957. J. Iron and 
Steel Inst. Japan, 44, No. 2, 129-136 
(1958) Feb. 

Nickel, chromium or molybdenum was 
idded to a steel containing 0.14% carbon 
0.18% for molybdenum series only), 
1.10% manganese and 0.35% silicon. 
Eighteen steel heats were melted and 
cast into small ingots each weighing 
ibout 3.5kg and then rolled to bars with 
liameter of 16 mm. Tensile test, V-Charpy 
est and simplified weld maximum hard- 
ness test were conducted with taper bar 
specimens after the heat treatment com- 
prising normalizing and water quench- 
ing followed by tempering at 650 C. In 
the quenched and tempered condition, 
an addition of nickel resulted a remark- 
able increase of tensile strength of the 
steel, while its yield strength was but 
slightly improved by it. In the quenched 
and tempered condition, an addition of 
chromium gave a remarkable effect on 
the steel by improving the tensile 
strength, although the reduction of area 
and elongation were somewhat decreased 
by it. An addition of molybdenum re- 
sulted a remarkable increase in tensile 
strength and yield strength of the steel 
as it was normalized, quenched and 
tempered. The transition temperature 
was lowered by an addition of nickel up 
to about 1%, but it was raised slightly 
when the addition of nickel was over 
1%. An addition of chromium as well as 
molybdenum gave a considerable effect 
to the steel by raising the transition 
point. Generally the toughness of a 
notched specimen was improved when 
it was quenched and tempered rather 
than normalized. The maximum hardness 
of an as-welded portion of the specimen 
was not increased significantly by an 
addition of nickel in less than 1%, how- 
ever, it was increased remarkably by an 
addition of chromium and molybdenum. 
Recommended ranges in mechanical 
strength of steel for having a satisfactory 
weldability are given —INCO. 16971 


3.7.3 

An Evaluation of Ultrasonic Solder 
Joints. D. W. Grobecker and J. B. Duran. 
U. S. Atomic Energy Commission Pubn., 
SCTM-163-58(16), April 23, 1958, 12 pp. 
Available from Office of Technical Serv- 
ices, Washington, D. C. 

A comparison is made between joints 
soldered by ultrasonic methods and 
specimens soldered by the usual hot 
iron and flux technique. Test samples of 
mild steel, copper, aluminum and stain- 
less steel joined with tin-lead and tin- 
zinc alloys are compared. Ultrasonic 
soldering techniques appear to offer an 
advantage in joining aluminum alloys 
with tin-zinc solder and copper alloys 
with tin-lead solder without the utiliza- 
tion of a fluxing addition. However, the 
mechanical characteristics of tin-zinc 
soldered joints are degraded by a hu- 


midity exposure. auth—NSA. 16811 
Sito 
Salt Bath Brazing. L. B. Rosseau. 


Paper before Western Metal Congress 
(Am. Soc. Metals), Symposium on Braz- 
ing and Sintering, Los Angeles, 1957. 
Ind. Heating, 25, No. 7, 1325-1326, 1328, 
1330, 1334, 1346 (1958) July. 


Describes general characteristics, ad- 
vantages and applications of salt bath or 
dip brazing, with special attention to 
brazing of aluminum assemblies. In air 
frame industry, honeycomb structures 
of 17-7 PH are brazed with alloy with 
melting point of 1775 F, and assembly 
is sealed in tight envelopment to pre- 
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vent contact with salt; salt serves only 
as heat transfer medium.—INCO. 16884 


29 

Low Crack Sensitivity of Steel Joint 
by Carbon Dioxide-Oxygen Arc Weld- 
ing. H. Sekiguchi and I. Masumoto. 
Welding J., 37, No. 7, 326s-336s (1958) 
July. 

In Japan, new gas-shielded metal-arc 
welding process has been applied auto- 
matically and semiautomatically. Mix- 
ture of carbon dioxide and oxygen is 
supplied around arc and molten pool 
and bare steel wire containing suitable 
quantities of deoxidizers is used as metal 
electrode. Outline of process is given. 
Frequency of fisheye occurrence, hydro- 
gen content and crack sensitivity of 
steel joints prepared by various proc- 
esses are compared. Hydrogen content 
and crack sensitivity of welds made by 
carbon dioxide-oxygen process were 
lower than those of welds made by other 
processes. Weldability and cracking tests 
were carried out on high-tensile low- 
alloy steels (0.84 nickel) and on 2.80 
nickel-1.23 chromium-0.27 molybdenum 
steel plate. Tables, graphs, macro- and 
microphotographs.—INCO. 16857 


aie 

Welding Copper-Base Alloy Tubes. 
J. F. Sebald and H. Hawthorne. 
Paper before Am. Soc. Mechanical Engrs., 
Annual Mtg., Panel on Welding of Non- 
ferrous Tubes to Tube Sheets. New 
York, 1957. Power, 102, Nos. 3, 4, 6; 
94-97, 196, 198, 200; 92-95, 194, 196, 198, 
202, 204; 108-111, 208, 212, 214, 216, 218 
(1958) March, April, June. 

Outlines test program and summa- 
rizes results in effort to answer ques- 
tions on distortion from welding, rela- 
tion between distortion from welding, 
relation between distortion, tube-sheet 
thickness and materials welded, resist- 
ance to repetitive stress and potential 
resistance to corrosion. Data presented 
help to resolve design details needed to 
produce good weld joint and minimize 
risk on large surface condensors. Tube 
materials selected for study are those 
most commonly used in steam condens- 
ers: arsenical copper, admiralty and 
aluminum brass. Tube-sheet materials 
include naval brass and copper-silicon. 
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Leak-tightness and _ pressure-strength 
tests are reported for all those materials 
in various combinations. Tube-sheet dis- 
tortion tests and corrosive investigations 
cover combinations of admiralty and 
aluminum brass tubes with naval brass 
and copper-silicon tube sheets. Data are 
presented on resistance to cyclic stress 
conditions in simulated heat-exchanger 
construction for admiralty and copper- 
silicon tube sheet designs. All welding, 
manual and machine, was made by gas- 
shielded tungsten arc process without 


using filler metal. Tables, diagrams.— 
INCO. 16903 


3.7.3 

Application Aspects of Wire Mesh 
Welding. S. Fisher. Paper before Wire 
Assoc., Buffalo Regional Mtg., May 1, 
1958. Wire and Wire Products, 33, No. 
7, 757-762, 804-807 (1958) July. 

Discusses various facets of application 
that must be considered in improving 
and revamping wire mesh welding ma- 
chines. Basic factors such as material 
weldability, weld strength, machine elec- 
trical characteristics, general machine 
characteristics and wire handling, as re- 
lated to fully automated line, are covered. 
Weldability is discussed for mild steel, 
high carbon steel, stainless steel, low 
alloy steels and aluminum. Chart shows 


COKE BREEZE 


Backfill for Anodes 


Ideally suited for use with anodes. Has a high carbon 
content and comes in sizes of oe x 0 to % 
x Ym inch. In bulk or sacks. Prices on other sizes 
on request. 


National Carbon Anodes 
Magnesium Anodes 
Good-All Rectifiers 


HOLESALE 
COKE COMPANY 


PHONE GARDENDALE, ALA. 
HEmlock 6-3603 


P, O. Box 94 Mt. Olive, Ala. 








CUT QUALITY 


and deserve from a coating and wrap- 
ping job. Cutting corners on quality is 
the surest way of cutting down on the 
life of the pipe underground. 

At Mayes Bros. we don’t sell cut rate 
prices. We sell permanence in pipe. 
We’ve specialized in putting perma- 
nence in pipe for the past 30 years. 
And we'll continue doing it as long as 
our name is on the door. 


MAYES BROS. .:. 


HOUSTON, TEXAS 


2-7566 

























































































114 


data for crossed wire welding of low 
carbon steel wire—INCO. 16938 


3.7.3, 8.4.5 

Development of Methods for End 
Capping PWR Fuel Elements. Julius 
J. Vagi and David C. Martin. Battelle 
Memorial Inst. U. S. Atomic Energy 
Commission Pubn., BMI-1061, Decem- 
ber 28, 1955 (Declassified April 2, 
1957), 46 pp. Available from Office of 
Technical Services, Washington, D. C. 

Exploratory tests performed during 
the first phase of this investigation in- 
dicated that the uranium-12 wt.% mo- 
lybdenum cored fuel rod for PWR 
might be end capped by: resistance-upset 
welding. Studies of welding methods 
were continued to develop procedures 
which would improve the integrity of 
resistance-upset-welded end-closure 
bonds, A medium-capacity spot-welding 
machine was utilized for resistance-up- 
set welding recessed joints under vac- 
uum; glass-lined steel backups were 
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used to prevent fuel upset. Visual 
examination of fractured joints and 
metallographic examinations of sections 
indicated that fuel rod-to-cap bonds 
were goad. Corrosion testing, chemical 
analyses and detailed metallographic 
examination were used in further evalu- 
ation of the clad-to-cap bond to deter- 
mine the consistency in quality of a 
large number of samples. Attempts to 
relate failures in corrosion tests with 
defects indicated by non-destructive 
tests generally were not successful. 
Only in cases of gross defects that 
were indicated by radiographs was any 
correlation made, A brief study of flash 
welding was made to determine if it 
could be used to obtain good clad-to- 
cap bonds. The results obtained did not 
justify extensive development. A few 
arc-welding tests were made to deter- 
mine if fusion welds could be used to 
seal the resistance butt welds. (auth)— 
NSA. 16418 


3.7.3, 3.5.9, 1.3 

On the Mechanism of Hot Cracking 
of Welds. V. A. Toropov. Metalloved. 
I Obrabotka Metallov, No. 6, 54-58 
(1957) June. Translation available from 
Henry Brutcher, Technical Transla- 
tions, P. O. Box 157, Altadena, Cali- 
fornia. 

Critical literature review. Author’s 
study of dependence of resistance of 
weld metal to hot cracking upon tem- 
perature and nature of solidification of 
the constituents making up the inter- 
granular substance; limitations to this 
relationship. Study of certain ternary 
alloys having a eutectic, as examples. 
Possibility of improving the resistance 
to weld hot cracking by changing the 
relative. quantities of intergranular con- 
stituents or by introducing new ones. 
Suggestions for future studies. 2 figures. 
—HB. 16387 


37.3 

Metallurgy of the Welding of Cer- 
tain Austenitic Heat- and Corrosion- 
Resistant Alloys. A. H. Waterfield & 
R. P. Culbertson. Paper before Intern. 
Inst. Welding, lst Annual Mtg., Essen, 
Germany, July 1, 1957. Welding J., 
36, No. 8, 360s-365s (1957) August. 

Corrosion-resistant alloys (nickel- 
molybdenum, nickel-molybdenum-chro- 
mium, and_nickel-molybdenum-chro- 
mium-iron) and_ heat-resistant alloys 
(iron-chromium-nickel-cobalt known as 
N-155, cobalt-tungsten-nickel-chromium 
and _ nickel-chromium-molybdenum-iron) 
are considered. Their development and 
uses are touched upon. After brief de- 
scription of methods of preparation for 
welding, metallurgical properties of each 
alloy are considered in light of their 
effect on welding techniques necessary. 
Fabrication methods for the two types 
are discussed in connection with service 
conditions, Graphs, photo-micrographs. 
—INCO. 16367 


3433 

Further Tests on the Strength of 
Bonded Metal Joints. H. Winter and 
G. Krause. Aluminium, 33, No. 10, 669- 
681 (1957). ; 

Winter and Krause review the litera- 
ture on the properties of bonded joints 
as employed in aircraft construction. 
They made tests, mainly on single-lap 
joints, using both cold-setting and hot- 
setting adhesives, with and without 
pressure. Factors studied included sur- 
face preparation, degree of overlap, 
thickness of metal and of adhesive and 
the influence of the corrosive action of 
various atmospheres at different tem- 
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peratures. In general, hot setting under 
pressure gives the best results, but it 
is difficult to correlate results owing 
to the different techniques employed. 
61 references.—MA. 16347 


3.7.3., 5.9.2, 6.3.20 

Effect of Welding Atmosphere and 
Pickling on the Corrosion Resistance 
of Welded Zircaloy-2 and -3. K. H 
Koopman, W. S. Horton, A. B. Ried- 
inger, S. A. Toftegaard and A. P. Jor- 
dan. Knolls Atomic Power Laboratory. 
U. S. Atomic Energy Commission 
Pubn., KAPL-1811, August, 1957, 29 pp. 

The best corrosion resistance was ob- 
tained with the highest purity gas 
shielding conditions. The effect af at- 
mosphere was more pronounced in 
welds made with a high heat input and 
integral backing than in welds made 
at a low heat input. Repickling leads to 
no improvement in corrosion resistance. 
—BTR. 14700 


3.7.3, 6.4.2 

Performance of Welds in Some Alu- 
minum Alloys. P. B. Dickerson. Paper 
before Am. Welding Soc., Western 
Metal Congress, Los Angeles, March 
27, 1957. Welding J., 37, No. 2, 107-113 
(1958) Feb. 

Because of recent developments in 
inert-gas shielded arc-welding methods 
additional aluminum alloys can now be 
welded satisfactorily and additional filler 
materials have come into use. Increased 
tensile properties with increased weld 
ductility are obtained. Paper covers 
strength and ductility of butt welds in 
various aluminum alloys, longitudinal 
and transverse shear strengths of fillet 
welds, effect of temperatures from —400 
to +700 F upon tensile properties, and 
resistance to corrosion of several of the 
high-strength weldable alloys. Improve- 
ment in fabrication of aluminum alloys 
due to newly developed consumable- 
electrode and tungsten-electrode inert- 
gas cutting processes is discussed. 
Graphs.—INCO. 15459 


3.7.3, 6.3.6 

Filler Metals for Joining. O. T. Bar- 
nett. Illinois Institute of Technology. 
Welding Engr., 43, No. 1, 56, 59-62 
(1958) Jan.; disc., ibid., No. 3, 18 (1958) 
March. 

Copper filler metals join copper base 
materials to each other or to such dis- 
similar metals as steel and cast iron. 
Other uses include surfacing applica- 
tions for corrosion resistance, for wear 
resistance or for bearings. Recent speci- 
fications covering copper and copper 
alloy filler metals intended for welding 
are given. Analyses of copper welding 
electrodes and rods include nickel con- 
taining copper-nickel, manganese- 
bronze, low fuming bronze and nickel 
bronze. Copper-nickel filler rods are 
commonly selected to join copper-nickel 
base metals because of exceptionally 
good resistance to salt water corrosion. 
Tables, photos.—INCO. 15440 


3.7.3, 6.4.4 

The Arc Welding of Wrought Mag- 
nesium-Thorium Alloys. L. F. Lock- 
wood and Paul Klain. Welding J. Sup- 
plement, 37, No. 6, 255s-264s (1958) June. 

Presents the results of welding evalu- 
ation tests on the recently developed, 
wrought, magnesium-base, thorium- 
containing alloys, HK31A sheet (mag- 
nesium-3.3% thorium-0.7% zirconium), 
HM21XA-T8 sheet (magnesium-2.0%, 
thorium-0.6% manganese) HM31XA 
extrusions (magnesium-3.0% thorium- 
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i.5% manganese). These alloys pos- 
sessed excellent weldability and retained 
high strengths at elevated temperatures 
after welding. The strengths of the 
welds were equal to, or closely ap- 
proached, the strengths of the base 
netals at elevated temperatures. The 
creep resistance of the alloys was not 
adversely affected by welding. Post- 
veld heat treatments did not improve 
the weld strength to any marked de- 
sree. The corrosion rates in 3% sodium 
chloride solution were not changed sig- 
nificantly by welding. AZ33A_ alloy, 
(magnesium-2.77 zinc-3.0 RE-0.7 zirco- 
nium) is the best rod composition for 
all the alloys HM31XA rod may _ be 
more advantageous in certain applica- 
tions at temperatures above 600 F. The 
marked under-cutting tendencies during 
welding could be overcome by special 
techniques, such as pre-heating, grooved 
backing plates and inert-gas backing. 
The low level of radio-activity of tho- 
rium in these alloys is of minor consid- 
eration and is easily controlled by 
proper procedure. (auth.)—ALL. 15961 


3.8 Miscellaneous Principles 





3.8.4, 6.2.2 
Ferrous Hydroxide Solubility, Ther- 
mal Decomposition and Role in the 
Corrosion of Iron. P. D. Miller, J. J. 
Ward, O. M. Stewart and R. S. Peo- 
ples. Am. Soc. Mechanical Engrs., Paper 
No. 57-A-184, December, 1957, 13 pp. 
Decomposition of pure ferrous hydrox- 
ide between 250 and 550 F. The major 
decomposition products are hydrogen 
and magnetite; minor constituents are 
alpha iron and ferric oxide. The rate 
of decomposition is such that it is con- 
cluded that the decomposition of fer- 
rous hydroxide is not the rate-controll- 
ing step in the iron-water corrosion re- 
action at temperature above 250 F. 6 
references.—MR. 16253 


3.8.4, 2.3.7 

Physical and Chemical Aspects of Ad- 
hesion. S. Orchon. Tappi, 40, No. 9, 
182-184A (1957); Bull. Inst. Paper 
Chem., 28, No. 3, 337 (1957). 

The measurement and mechanism of 
adhesion, including contact angles, wet- 
ting, chemical bonds (electrostatic, co- 
valent and metallic), and Van der Waals 
forces (orientation or Keesom forces, 
induction or Debye forces, and disper- 
sion or London forces), as well as fac- 
tors influencing adhesion (such as co- 
hesion, solubility and tensile strength 
of the system) are discussed. 6 refer- 
ences.—RPI, 16272 


3.8.4, 6.3.8 

Research on Dry Corrosion Oxidation 
of Lead Pellets. (In French.) Haidun 
N. Terem. Rev. Faculté Sci. Univ. Is- 
tanbul, 22, 343-352 (1957) Oct. 

Tiny pellets can be heated above 
melting point of lead without changing 
shape. Prior to heating, specimens were 
cleaned and sized with emery paper and 
others were further cleaned in solution 
of nitric acid. Oxidation of lead at any 
temperature obeys parabolic law. Mini- 
mum of oxidation indicated by Gruhl 
in zone of crystallographic transforma- 
tion of lead oxide is confirmed. An in- 
duction period is observed at 535 C, 
which partially confirms parabolic re- 
sults obtained by Weber and Baldwin. 
Granting that oxidation develops at dif- 
ferent speeds under 475 and over 530, 
corresponding activation energies ap- 
proach 6900 and 23,000 cal. 13 refer- 
ences.—MR. 16421 
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3.8.4, 3.4.6, 6.2.2, 2.3.6 

Growth of Oxide Whiskers on Metals 
(Iron) at High Temperatures. (In Eng- 
lish.) Riitsu Takagi. J. Phys. Soc., Ja- 
pan, 12, No. 11, 1212-1218 (1957). 

The growth of whiskers of 8-ferric 
oxide on pure iron in oxygen was 
studied by electron microscopy and 
diffraction at 400-850 C. A method was 
developed which avoids the ill effects 
of electron irradiation on _ natural 
growth. The growth mechanism is dis- 
cussed, together with the relation of 
the thickness of the whisker to its 
length. The crystallographic orientation 
of the whiskers is deduced—MA. 16412 
3.8.4 

Solid-Solution and Oxide Formation 
in the System Tantalum-Oxygen. Erich 
Gebhardt and Hans Dieter Seghezzi. 
Z. Metallukunde, 48, No. 9, 503-508 
(1957); ibid., No. 8, 430 (1957). 


115 


Electrical resistivity measurements 
were used to study the kinetics of these 
processes at 800-1500 C and oxygen 
pressures of 10° — 2 X 10° mm mer- 
cury. The maximum solid solubility, 
Cmax, of oxygen in tantalum is 0.8 and 
4.6 at.% at 800 and 1500 C, respectively. 
Cmax = Co exp(—4H°/R T), where Co 
is a constant and AH®, an enthalpy dif- 
ference, = = —88k cal/mole. At 800-1000 
C and 10°*mm mercury spontaneous 
oxidation occurs, whereas at 1500 C 
and 10°%mm mercury solid solution 
forms initially, and only when this be- 
comes saturated does superficial oxida- 
tion take place. The saturated solid 
solution oxidizes at a rate in accord- 
ance with the Ahrrenius equation Y = Yo 
exp (—Q/RT), and Q, the activation 


energy, — 14kcal/mole; the oxide 
formed is Ta.O. 19 references.—MA. 
15843 
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CAN YOU AFFORD LESS 
THAN THE BEST TO STOP 
WELL CASING CORROSION? 


It is generally accepted that cathodic protection, using either 
rectifiers or magnesium anodes, will stop the external corro- 
sion of oil well casing. To get protection at the lowest possible 
cost requires the services of an expert—with the knowledge, 
experience and instruments to do the job right. 

CSI engineers pioneered and are acknowledged experts in 
this field. Perhaps their most important contribution is the “log 
current potential method” of determining the amount of electrical 
current required for casing protection. This inexpensive, surface 
method is patented (No. 2862177) and is licensed only to CSI. 
However, producing companies are granted free use of the 


method on their own wells. 


To obtain valid data from this test method, the techniques 
and instrumentation must be handled correctly. 

Be sure. For more information, call or write CSI today. 
Here’s a case where the best costs no more! CSI offers the best 
in engineering and installation services, plus a complete line of 
quality materials. And CSI prices are competitive. 


(cSt) 


Cleveland 13, Ohio 
1309 Washington Ave. 
Tel. CHerry 1-7795 


CORROSION SERVICES 


INCORPORATED 


General Office, Tulsa, Okla. 


Mailing Address: 


Box 787, Sand Springs, Okla. 


Tel. Circle 5-1351 































CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


TECHNICAL 
REPORTS 


PROTECTIVE COATINGS 


Other Than Pipe Line Coatings 


T-6A Application Techniques, Physical 

Characteristics and Corrosion Re- 
sistance of Polyvinyl Chlor-Acetates. A Re- 
port of Unit Committee T-6A on Organic 
Coatings and Linings for Resistance to Chem- 
$50 Corrosion. Publication 54-4. Per Copy 


T-6A Report on Rigid Polyvinyl Chloride. 

A Report of NACE Technical Unit 
Committee T-6A on Organic Coatings and 
Linings for Resistance to Chemical Corrosion. 
Publication 56-4. Available only in April 
1956 CORROSION at $2.00 per copy. 


T-6A Report on Epoxy Resins. A Report 

of NACE Technical Unit Committee 
T-6A on Organic Coatings and Linings for 
Resistance to Chemical Corrosion. Publication 
56-5. Per Copy $.50. 


T-6A Report on Application Techniques, 

Physical Properties and Chemical 
Resistance of Chlorinated Rubber Coatings. 
NACE Technical Unit Committee T-6A on 
Organic Coatings and Linings for Resistance 
= Corrosion. (Pub. 56-6.) Per Copy, 


T-6A Vinylidene Chloride Resins. A Report 

of Unit Committee T-6A Prepared 
by Task Group T-6A-3 on Vinylidene Chloride 
— Publication No. 57-9. Per Copy 


T-6A Reinforced (Faced) Tank Linings. 
A Report by NACE Committee T-6A. 
Pub, 58-7. Per Copy $.50. 


T-6A Report on Thermoplastic Coal Tar 

; Base Linings. A Report of NACE 
Unit Committee T-6A on Organic Coatings 
and Linings for Resistance to Chemical Cor- 
rosion, prepared by Task Group T-6A-16 on 
Coal Tar Coatings. Pub. 58-10. Per Copy $.50. 
T-6A-5 Application Techniques, Proper- 
ties and Chemical Resistance of 
Polyethylene Coatings—A Report of NACE 
Task Group T-6A-5 on Polyethylene. Pub. 
59-7. Per Copy $.50. 


T-6B Protective Coatings for Atmospheric 

_ _.Use: Their Surface Preparatien and 
Application Physical Characteristics and Re- 
sistance. A Report of Unit Committee T-68 
on Protective Coatings for Resistance to 
Atmospheric Corrosion. Publication No. 57-10. 
Per Copy $.50. 


TP-6G First Interim Report on Recom- 

: mended Practices for Surface Prep- 
aration of Steel. (Pub. 50-5). Per Copy, $.50. 
TP-6G Second Interim Report on Surface 
Preparation of Steels for Organic 
and Other Coatings. (Pub. 53-1.) Per Copy, 
$1; five or more copies to one address, per 
copy $.50. 


T-6K Acid Proof-Vessel Construction 

with Membrane and Brick Linings. 
A Report of NACE Technical Unit Committee 
T-6K on Corrosion Resistant Construction 
with Masonry and Allied Materials. Publica- 
tion No. 57-6. Per copy $.50. 


Remittances must accompany all orders for lt- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 60c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 


NATIONAL ASSOCIATION 
OF CORROSION ENGINEERS 


1061 M & M Bldg. Houston 2, Texas 


Over 20,000 cards have been issued by 
the NACE Abstract Punch Card Service. 
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3.8.4, 3.7.4, 6.2.2 

Effect of Purity and Structure of the 
Metal on the Intergranular Diffusion of 
Oxygen in Iron. (In French.) Raymond 
Sifferlen’ and Mme Claude Bourelier. 
Compt. Rend., 244, No. 24, 2928-2929 
(1957). 

In electrolytic iron annealed at 880 
C, oxidation gives rise to oxide inclu- 
sions neither at the crystal boundary 
nor within the crystal; but if the metal 
is lightly deformed, say 6%, oxide in- 
clusions are observed along the grain 
boundaries nearest to the interface. If 
these experiments are repeated with 
zone-refined iron deformed 6%, oxida- 
tion at 850 C no longer shows oxide 
inclusions at the grain boundaries or at 
the sub-boundaries—MA. 16288 


5. PREVENTIVE MEASURES 
5.3 Metallic Coatings 


5.3.4 

Recent Developments in Gold Alloy 
Plating. E. A. Parker. Technic, Inc. 
Plating, 45, No. 6, 631-635 (1958) June. 

Recent developments in gold alloy 
plating are due largely to frowing rami- 
fications of electronics field. Gold-anti- 
mony alloys are used in transistor field 
while connector field is using gold- 
nickel alloys for anti-galling surfaces. 
To eliminate delamination by standard 
gold plating procedure, printed circuit 
field is using gold-silver alloys which 
permit plating at room _ temperature 
and very low free cyanide. All of 
these alloys contain 95 or more gold. 
In low frequency connectors presence 
of nickel in gold lattice reduces dif- 
fusion of silver through gold layers. 
Major portion of such plating is done 
in barrels. Formulations are given for 
nickel plating baths (cyanide) for thin 
coatings and for plates heavier than 
0.000020 in. Preparation of basis metal 
for gold alloy plating is considered.— 


INCO. 16955 


5.3.4, 8.9.2 

Automoile Bumper Plating. G. H. 
Poll, Jr. Products Finishing, 22, No. 7, 
26-33 (1958) April. 

Description of copper, nickel and 
chromium plating of bumpers at Hou- 
daille Industries, Huntington, West Vir- 
ginia. Photos —INCO. 16960 


5.3.4, 8.9.2 

Bright Crack-Free Chromium Plating 
at Cadillac. H. Mahlstedt. Metal and 
Thermit Corp. Automotive Inds., 118, 
No. 10, 48-50 (1958) May 15. 

Cadillac Motor Car Division of Gen- 
eral Motors for the past eight months 
has been using a recently developed 
bright crack-free chromium plating on 
bumpers and bumper extensions of its 
cars. Tests have indicated that new 
chromium plating has greatly improved 
corrosion resistance over plating used 
previously, apparently because of ab- 
sence of minute cracks formerly found 
in all chromium plating. Plate can be 
deposited on bright stainless steel as 
well as on other bright surfaces. Proc- 
ess is easier to operate than was bath 
for ordinary chromium plating. It ac- 
tivates the nickel base well. Throwing 
and covering powers of bath are far 
superior, particularly in recessed areas 
of parts, where ordinary chromium plate 
was not deposited to thickness desired. 
Still another advantage is fact that 
bright crack-free chromium can be re- 
plated, if necessary, without stripping, 
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something which was not possible with 
ordinary chromium plating. Corrosive 
materials most frequently found to at- 
tack automobiles are discussed. Photos. 
—INCO. 16899 


5.3.4, 6.2.2 

Aluminum Coating of Iron by Vapor- 
ized Aluminum Chloride. (In Russian.) 
S. A. Semenkovich and A. V. Smirnoy 
Metalloved. i Obrabotka Metallov, 1958, 
48-51, May. 

Corrosion resistance of mechanica 
parts may be considerably increased by 
treatment with monohalogens of alu 
minum. Under action of vaporized alu- 
minum chloride, a hard, heat resistant 
coating is formed on iron surfaces at 
950 to 1000 C. Apparently an inter- 
metallic compound, Fe;Al, is formed. At 
higher temperatures the coating becomes 
softer and probably is made up of the 
eutectic mixture of FeeAls and FeAl;.— 


ALL. 16850 


5.4 Non-Metallic Coatings 
and Paints 


5.4.5 

Points of Interest on Aluminum 
Pastes. (In German.) J. K. Hartmann. 
Farbe u. Lack, 64, 77-78 (1958). 

Aluminum powders are compared with 
aluminum pastes as raw materials for 
paints. The advantages of pastes are 
said to be: 1) though the pastes con- 
tain 35% solvents, they can be sub- 
stituted pound for pound for aluminum 
powders without loss of hiding power; 
2) and the more uniform dispersion in 
the vehicle gives improved corrosion 
protection; 3) the presence of a uni- 
form layer of wetting agents on the 
pigment surface gives more lasting sta- 
bility. Some specifications on aluminum 
pastes are quoted.—ALL. 16874 


5.4.7 

Vacuum-Metallizing Metal and Plastic 
Products. C. Matilo, Jr. Ind. Finishing, 
34, No. 5, 62-64 (1958). 

Parts to be coated are skilfully loaded 
in rotating rocks. The first application 
is a clear base coat by flow coating, 
then comes air drying, baking, vacuum 
metallizing, a clear top coat and baking. 
Dip dye coating for color, follows when 
specified.—RPI. 16962 


5 


4.7 

Industrial Painting. Pt. III. S. Clip- 
son, Decorator, 57, No. 672, 65, 67-68 
(1958). 

In the concluding installment of this 
paper, the author stresses the impor- 
tance of close contacts between painting 


instructors and industrial concerns in 
which painting contractors carry out 
their work. He goes on to indicate the 
tools and equipment needed for indus- 
trial and commercial painting, discusses 
the various methods of application, with 
special reference to spray-painting, and 
gives some suggestions of the ways in 
which instruction in the schools and 
colleges might be developed in relation 
to the present and future needs of the 
industry.—RPI. 16820 


5.4.7, 3.2.2 

New Technique Rids Plated Steel of 
Hydrogen Embrittlement. H. H. John- 
son, E. J. Schneider and A. R. Troiano. 
Case. Inst. Technology. Iron Age, 182, 
No. 5, 47-50 (1958) July 31. 

To reduce hydrogen embrittlement in 
cadmium plated steels, a baking treat- 
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ment is often specified. Its purpose is 
to recover ductility by driving hydrogen 
from steel. A typical recovery treat- 
ment consists of baking a cadmium 
yjlated part for several hours at 300- 
100 F. Such treatments are not always 
fective. Development of new procedure 
s described. A thin layer of cadmium 
s electroplated on the steel and this 
ayer is then baked to recovery. Baking 
ime is short because the plate is thin. 
4 second layer of cadmium—of any 
hickness—is then deposited. Because 
irst plate prevents entry of hydrogen, 
second plating has no embrittling effect. 
So efficient is this technique that no 


yaking is needed after second plating. 
Graphs. 6 figures, 1 table—INCO. 16876 


5.4.8 
Bright Copper Plating of Articles with 
a Relief, from Acid Baths. (In Russian.) 
V. P. Persiantseva et al. Metalloved. 
I Obrabotka Metallov, No. 9, 42-46 
(1958) September. Translation Available 
from: Henry Brutcher, Technical Trans- 
lations, P. O. Box 157, Altadena, Calif. 
Advantages of bright copper plating 
from acid baths over polishing plus 
electroetching of protective-decorative 
three-layer copper deposits as used, for 
example, on printshop electrotypes. 
Merits and drawbacks of addition of 
thiourea as brightener. Description of 
plating practice developed by authors, 
and a method of eliminating the decom- 
position products of thiourea from bath. 
Experimental, pilot plant and full-scale 
plant procedures; results obtained. Ef- 
fect of copper sulfate concentration on 
plate quality. Layout of commercial 
bright plating shop setup for filtering. 
Electrolyte recommended for commer- 
cial plating; resulting increases in pro- 
duction: 50 to 67%. 2 figures.—HB. 
16887 


5.4.8 

Coatings Help Metals Beat Heat. J. V. 
Long. Solar Aircraft Co. Steel, 143, No. 
4, 66-68 (1958) July 28. 

Dipped, sprayed, baked or fired, coat- 
ings increase part life and upgrade re- 
sistance to corrosion and oxidation. 
Ceramic coatings increase fatigue life, 
prevent carburization, resist attack by 
molten zinc and aluminum and modify 
surface emissivity or reflectivity. Cer- 
mets can be applied to any carbon steel 
and cast iron without any of the porce- 
lain or ceramic coating defects. They 
protect carbon steel at 1100 F for long 
periods without discoloration. Studies 
show that certain refractory oxides, when 
powder flame sprayed, provide short 
time protection at temperatures over 
3000 F. Zirconium and aluminum oxide 
have been kept in spotlight a great deal. 
A nickel-magnesium oxide also shows 
promise. Table gives protection time of 
a diffused aluminum coating on 321 
stainless, Inconel X, Haynes Stellite 25 
and C steel. Photos.—INCO. 16841 





5.5 Oil and Grease Coating 





So 

Lubricate Under Corrosive Condi- 
tions. R. B. Norden. Chem. Eng., 65, 
No. 3, 154, 156, 158 (1958) Feb. 10. 

Fluorinated oils, greases and waxes, 
chemically inert and thermally stable, 
are proving ideal as lubricants in con- 
tact with corrosive, hazardous chemi- 
cals. Low molecular weight fluoropoly- 
mers have proved resistant to com- 
pressed oxygen, mixed inorganic acids, 
caustic solutions, halofluoride gases, 
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oleum, red fuming nitric acid and 90% 
hydrogen peroxide. As far as corrosion 
effects, fluoropolymer oils are noncorro- 
sive to metals up to about 350° F. One 
exception is copper which will discolor 
at temperatures over 120° F. Properties 
and applications are discussed—INCO. 

15495 


5.5.3 

Rustproofing Oils for Processing. 
Eugene R. Slaby. Socony. Mobil Oil 
Co., Inc. Iron and Steel Engineer, 35, 
No. 1, 102-103 (1958) Jan. 

Present-day slushing oils when cor- 
rectly applied to sheet or strip steel can 
effectively safeguard surfaces against 
rust and corrosion; rust preventives 
permit shipment of coils without cus- 
tomary wrappings—MR. 


we; 





15504 


117 


533 

Sulfonates as Rust Preventives. R. 
Simonoff, L. Sonneborn Sons, Inc. Petro- 
chemical Ind., 1, No. 1, 35-37 (1958) 
June. 

Oil-soluble sulfonates are excellent 
low cost rust preventive agents. Ob- 
tained during acid treating of petroleum 
fractions, the sulfonate molecule contains 
a polar grouping and hydrocarbon por- 
tion. The polar group gives an attraction 
to metal, the hydrocarbon residue an 
attraction to oil. Thus an oil film is held 
tenaciously to metal, barring penetration 
by water. Petroleum sulfonates with 
molecular weight above 400 can be 
classified oil-soluble or oleophilic, those 
below 400 as generally hydrophilic. Car- 
rier is an oil, petroleum grease or wax, 
or a combination of the three. Photo.— 
16864 





“BROTHER!” ... “I stepped up the output on my well 

casing rectifiers yesterday because it was so dry... 
Today we have a gully washer and I have to get out and 
set them back again before something blows.” 





Adjusts Output Itself! 


An entirely NEW CONCEPT 


in Cathodic Protection. 


With an Amp-o-matic, sim- 
ply set the rectifier for the 
amperage necessary to give 
protection and forget it. 


Any amperage level from rated to minimum Amp-o-matic does the rest— 


Ww can be selected by moving the reactor con- 
trol handle. No moving parts—no contacts. 


Automatically compensates for ground bed 


we resistance and other circuit resistance varia- 


tions. 


Built-in complete overload protection with- 
ie out interruption of output. Even short cir- 
Wi cuits will not shut the rectifier down or 


harm it in any way. 


Continuous output adjustment with single 


control. 


Reactor control—no moving parts—no con- 


\> tacts to change. Tops in reliability. 


Reasonably priced—simplicity. of design en- tic” 
ables the Amp-o-matic to be priced for very 
little more than a conventional rectifier. 





it compensates for changes 
in ground bed resistance or 
stack resistance, it cannot 
be overloaded, and it is ex- 
tremely resistant to light- 
ning damage. 
Get the 
complete story 
from your 
Good-All 
representative, 
Make your 
next system 
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TECHNICAL 
REPORTS 


on 


GENERAL CORROSION 
PROBLEMS 


T-3A Some Corrosion Inhibitors—A Refer- 
ence List. A Report of T-3A on 
Corrosion Inhibitors. Publication 55-3. Avail- 
able only in April 1955 CORROSION at $2.00 
per copy. 
T-3B Bibliographies of Corrosion Products. 
Section One—A Report by NACE 
Technical Unit Committee T-3B on Corrosion 
— Publication No. 57-5. Per Copy 


T-3B Bibliographies of Corrosion Products, 
Section Two—A Report of NACE 
Tech. Unit Committee T-3B on High Purity 
Water. Pub. 57-21, Per Copy $.50. 
T-3B Identification of Corrosion Prod- 
ucts on Copper and Copper Alloys. 
A report of NACE Tech. Unit Committee 
T-3B on Corrosion Products. Pub. 59-13. Per 
Copy $.50. 
T-3C Amount of Annual Purchases of 
Corrosion Resistant Materials by 
Various Industries—A Report of NACE Tech. 
Unit Comm. T-3C on Annual Losses Due to 
Corrosion. Pub. 59-8. Per copy $.50. 


T-3E Tentative Procedures for Preparing 
Tank Car Interiors for Lining. A 
Report by NACE Task Group T-3E-1 on Cor- 
rosion Control of Railroad Tank Cars. Avail- 
able only in June 1955 Corrosion at $2.00 
per copy. 
T-3F Symposium on Corrosion By High 
Purity Water: Introduction to Sym- 
posium on Corrosion by High Purity Water, 
by John F. Eckel: Corrosion of Structural 
Materials in High Purity Water, by A. H. 
Roebuck, C. R. Breden and S. Greenberg; 
Corrosion Engineering Problems in High Pur- 
ity Water, by D. J. DePaul: The Importance 
of High Purity Water Data to Industrial Ap- 
plication, by W. Z. Friend. A Symposium 
sponsored by NACE Technical Unit Commit- 
tee T-3F on Corrosion by High Purity Water. 
Per Copy $1.50. 
T-3F Symposium on Corrosion by High 
Purity Water, Five Contributions to 
the Work of NACE Tech. Committee T-3F 
on High Purity Water. By A. A. Sugalski and 
S. L. Williams—Measurement of Corrosion 
Products in High Temperature, High Pressure 
Water Systems. By F. H. Krenz—Corrosion of 
Aluminum-Nickel Type Alloys in High Tem- 
perature Aqueous Service. By R. J, Lobsinger 
and J. M. Atwood—Corrosion of Aluminum 
In High Purity Water. By R. R. Dilesk—The 
Storage of High Purity Water. By D. E. Voyles 
and E, C. Fiss—Water Conditions for High 
Pressure Boilers. Pub. 57-22, Per Copy $1.50. 


T-3F Symposium on Corrosion by High 

Purity Water. Four Contributions 
to the Work of NACE Tech. Unit Comm. 
T-3F on High Purity Water. Pub. 58-13. Per 
copy $1.50. 

Corrosion Behavior of Zirconium-Uranium 
Alloys in High Temperature Water by W. E. 
Berry and R. S. Peoples. 

Corrosion and Water Purity Control for 
the Army Package Power Reactor by R. J. 
Clark and A. Louis Medin. 

Removal of Corrosion Products from High 
Temperature, High Purity Water Systems 
With an Axial Bed Filter by R. E. Larson and 
S. L. Williams. 

Some Relations Between Deposition and 
Corrosion Contamination in Low Make-Up 
Systems for Steam Power Plants by E. S. 
Johnson and H. Kehmna. 


T-3G-3 Cathodic Protection of Process 

Equipment—A Report Prepared 
by NACE ton Group T-3G-3 on Cathodic 
Protection of Process Equipment. Pub. 59-9. 
Per Copy $.50. 


T-3H Some Consideration in the Econom- 

ics of Tanker Corrosion. A contri- 
bution to the work of Technical Committee 
T-3H_ on Tanker Corrosion by C. P. Dillon. 
Per Copy $.50. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 60c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 


NATIONAL ASSOCIATION 
OF CORROSION ENGINEERS 


1061 M & M Bldg. Houston 2, Texas 


5.9 Surface Treatment 


5.9.3, 3.5.8 

Study on Shot Peening. M. Uchiyama 
and K. Kamishohara. Paper before Iron 
and Steel Inst. Japan, April, 1957; J. 
Iron and Steel Inst., Japan, 44, No. 2 
157-162 (1958) Feb. 

Experiments to check residual stress 
and fatigue strength of peened _ nickel- 
chromium-molybdenum steel. Peening 
effect has two factors namely, residual 
stress effect and cleaning effect. Residual 
stress of the metal is decreased by heat- 
ing it above 300 C and the degree of 
cleaning effect is affected by the initial 
surface conditions of the specimens. 
These effects are characterized by an 
increase of the fatigue strength. The 
shape of shot has some influence on 
the residual stress and the cleaning ef- 
fect.—INCO. 16951 


5.9.4, 3.5.9 

Protection of Springs of Steel EI 723 
from High-Temperature Oxidation. (In 
Russian.) T. I. Volkova and Yu. N. 
Griboedov. Metalloved. I Obrabotka 
Metallov, No. 5, 37-40 (1958) May. Trans- 
lation available from Henry Brutcher, 
Technical Translations, P. O. Box 157, 
Altadena, Calif. 

Development of a suitable surface 
treatment for flat springs of 0.20% car- 
bon, 0.74 manganese, 2.3 chromium, 1.0 
molybdenum, 0.45 vanadium, 0.010 phos- 
phorus and sulfur each, max. steel for 
service at 500-550 C (930-1020 F) to 
improve the scaling resistance without 
appreciable impairment of the relaxation 
resistance. Details on heat treating prac- 
tice. Experiments on chromizing and 
aluminizing (pack and contact-less) 
simultaneously with, or subsequent to, 
heat treatment: composition of impreg- 
nating compound; surface treating times 
and temperatures. Tests for oxidation 
resistance;. relaxation resistance; micro- 
graphic analysis; hardness and micro- 
hardness measurements. Recommended 
surface treatment, 2 figures —HB. 16861 


6. MATERIALS OF 
CONSTRUCTION 


6.2 Ferrous Metals and Alloys 


6.2.4, 3.7.3 

High Strength Weldable Steels. K. J. 
Irvine. Metallurgia, 58, No. 345, 13-23 
(1958) July. 

High strength steels are now being 
widely used in welded construction. Re- 
quirements of a high strength steel are 
given. Various ways in which steels can 
be strengthened and factors influencing 
weldability, pointing out advantages of 
a bainitic structure, are discussed. Nickel 
content of steels mentioned is given. Ef- 
fect of additions of manganese, nickel 
and chromium were examined. It was 
shown that from series of manganese- 
nickel-chromium steels containing ap- 
proximately 0.8 molybdenum and 0.15 
carbon, steel containing approximately 
0.8 manganese, 0.8 nickel and 0.8 chro- 
mium gave best combination of mechani- 
cal strength and weldability, while an- 
other suitable steel was 0.14 carbon, 1.23 
manganese, 0.5 chromium and 0.25 molyb- 
denum, which also showed good prop- 
erties and was nickel free. Microstruc- 
ture and properties of Fortiweld steel 
are described. Photomicrographs, graphs, 
tables. 24 references.—INCO. 16935 


Vol. 15 


6.2.5, 8.8.5 

Cast Age-Hardenable Austenitic Steels. 
E. A. Lange, N. C. Howells and A. 
Bukowski. Naval Research Lab. Rept. 
5140, May 5, 1958, 14 pp. (PB 131733); 
Trans. Am. Foundrymen’s Soc., 66, 519 
525 (1958); Modern Castings, 34, No. 4 
53-59 (1958) Oct. 

Chromium -nickel- phosphorus, chro- 
mium-manganese and chromium-nickel 
manganese-vanadium types of age-hard 
enable, austenitic steels which have higi 
strength characteristics in wrought form: 
were investigated for use as high-strength 
nonmagnetic steels for castings. A chro- 
mium-nickel-phosphorus austenitic stee! 
with 0.3 carbon and 0.25 phosphorus 
developed yield strengths at the 100,000 
psi level. Chromium-manganese type of 
austenitic steels containing phosphorus 
or vanadium were age hardenable, but 
castings of these alloys were brittle 
when they were heat treated to high 
strength levels. Modifying the wrought 
chromium - nic kel-manganese-vanadium 
composition resulted in an alloy with 
good ductility and yield strengths at the 
100,000 psi level. A fourth type of age- 
hardenable, austenitic steel, manganese- 
vanadium, containing a minimum of al- 
loying elements was developed. Hardness 
and tensile properties of four composi- 
tions which were cast and heat treated 
to yield strengths at 100,000 psi level are 
reported. Photomicrographs, tables.— 
INCO. 16823 


6.2.5, 7.64, 3.5.9, 3.7.3 

On Austenitic Stainless Steel Tubes 
in Use for High Temperature and High 
Pressure Boilers. T. Ikeshima, J. Omori, 
T. Okamoto, E. Miyoshi, S. Terai and 
H. Maruoka. Steel Tube Works, Sumi- 
tomo Metal Industries. Sumitomo Metals, 
10, No. 1, 9-30 (1958) Jan. 

Stainless steel tubes of types 321 and 
347 used for super-heater in the modern 
power boilers were subjected to the ex- 
amination of their physical properties at 
high temperature, creep rupture proper- 
ties, brittleness after prolonged heating, 
oxidation resistance, welding and cold 
bending. Impact values of the specimens 
heated for 1000 hr at 600 C (1112 F), 
650 C (1202 F), and 700 C (1292 F) will 
lower as temperature rises but they will 
never be downed below 5 kg- m/cm? 
which is serviceable for the actual uses. 
Simga phase is visible in the micro- 
structure after a 1000 hr heating. Oxida- 
tion of these types of stainless steel is 
negligible at lower temperature than 
700 C. Both arc welding and inert gas 
arc welding: are applicable, although the 
latter is preferable. The key point of 
the welding is to select an adequate elec- 
trode. For welding of superheater tubes, 
electrodes of 19-9 niobium, 2-12 niobium 
and 18-12 molybdenum-niobium are most 
useful. But full care must be taken for 
welding practice and inspection after 
welding, because there are plenty of ob- 
stacles in the welding of stainless steel. 
Cold bending of the tube is possible 
even under a severe condition—INCO. 


16921 


6.2.5, 3.5.8, 3.5.9 

Compressive Strength and Creep of 
17-7 pH Stainless-Steel Plates at Ele- 
vated Temperatures. B. A. Stein. Lang- 
ley Aeronautical Lab. National Advisory 
Cttee. on Aeronautics, Technical Note 
4296, July, 1958, 33 pp. 

Compressive strength test results from 
room temperature to 1,000 F and com- 
pressive creep test results from 700 to 
1,000 F are nresented for plates of 17-7 
pH stainless steel, Condition TH 1,050, 
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which were edge supported in V-groove 
fixtures. Plate width-thickness ratios 
range from 15-60. Master curves are 
presented which show combinations of 
average stress, temperature and time 
which produce give amounts of creep 
strain or failure of the plates and which 
facilitate interpolation of test results. 
Test results are compared with plate 
strengths and creep failure stresses de- 
termined from semiempirical approxima- 
tions. Graphs, tables, diagrams.—INCO. 

16950 
6.2.5, 8.8.5 

On Various Properties of Vacuum- 
Melted Heat-Resistant Alloys, Nimonic 
890A, $816 and 13% Chromium Stainless 
Steel. S. Koshiba and T. Kuno. Paper 
before Japan Inst. Met., October 1957. 
J Japan Inst. Met., 22, No. 4, 169-173 
(1958) April. 

Heat-resistant alloys, Nimonic 80A, 
£816 and 13% chromium stainless steel 
were melted in the vacuum furnace and 
tieir various properties were tested in 
comparison with that of specimens 
rielted in the atmosphere. When 13% 
chromium stainless steel was melted in 
vacuo, its gas contents and nonmetallic 
inclusions were largely decreased and its 
inechanical properties at elevated tem- 
peratures were improved. Particularly, 
corrosion resistance which is one of the 
most important properties of stainless 
steel, was remarkably improved by the 
vacuum melting. Same with Nimonic 
380A and S816; their gas contents and 
nonmetallic inclusions were eliminated 
by the vacuum melting. Furthermore, 
the workability and mechanical proper- 
ties at elevated temperature such as rup- 
ture strength and oxidation resistance 
were improved. These results indicate 
that meritorious effects on Nimonic 80A, 
S816 and 13% chromium stainless steel 
can be obtained by application of vacuum 
melting —INCO. 16831 





6.3 Non-Ferrous Metals 
and Alloys—Heavy 





6.3.10, 3.7.3 

Changes in the Properties of the 
Nickel-Chrome Alloy EI 765 for Sta- 
tionary and Transport Turbines During 
a Process of Long-Term Isothermal 
Heat Treatment (up to 10,000 hours). 
V. Z. Tseitlin and G. G. Morozova. 
Metaloved. I Obrabotka Metallov, No. 1, 
30-35 (1958). 

Alloys of this type at 700 and 750 C 
possess high stability in their physical 
properties for the duration of an exten- 
sive period. In particular, to judge by 
the course of the strain release curves, 
the resistance, will be maintained over a 
period of time considerably exceeding 
the duration of the experiments carried 
out. To a certain extent the same ap- 
plies to the values for the impact strength 
and hardness. Graphs, photomicrographs. — 
INCO. 16872 


6.3.10, 3.7.3 

Welding of Nickel and High-Nickel 
Alloys in the Chemical Industry. J. 
Hinde. Paper before International In- 
stitute of Welding, Vienna, June 1958. 
fait Welding J., 5, No. 7, 311-318 (1958) 
uly. 

_After brief review of application of 
nickel and nickel alloys (nickel-copper, 
nickel-chromium-iron, nickel-molybdenum, 
nickel-molybdenum-chromium and_nickel- 
chromium-molybdenum-iron) in chemical 
industry, metallurgical and practical 
aspects of welding these materials are 
considered, with particular reference to 
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GALVAFROID 


gives the 
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Long used and field tested in England 
and other countries, the cathodic pro- 
tection offered by GALVAFROID is now 
available for the first time in the 
United States. 

Used as a self-finish, GALVAFROID 
provides the same cathodic protection 
as an equal weight of galvanizing— 
yet GALVAFROID is easily sprayed or 
brushed on any surface by unskilled 
labor. 

Used as an undercoat for paint, 
GALVAFROID protects the exposed base 
metal, and prevents the radiating 
creep of rust from around scratch 
marks. Unlike the so-called Metallic 
Zinc Paints, GALVAFROID contains no 
zinc oxide or other pigments to in- 
hibit electrical conductivity. The Gat- 
VAFROID film contains 92-95% metallic 
zine. 

Write for descriptive bulletin. 

Technical representation open 
in some areas. 


Full details on request. 


BART 


MANUFACTURING CORPORATION 
ELECTROFORMING © PIPE LINING & COATING 
PLATERS © CHEMICAL PUMPS + ENGINEERING DESIGN SERVICES 
227 Main Street, Dept. C, Belleville 9, N. J. 












ally primed surfaces of gas plant equipment. 
However, note the absence of rust on the MAIN 
PIPE and ENDS OF EACH CONDENSER which were 
primed with GALVAFROID. 





New bridge over the River Voita, Ghana, West 
Africa. GALVAFROID was used as a self-finish 
on all underside parts of this bridge. 
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maintenance of corrosion resistance across 
welded joints. Welding technique neces- 
sary to preserve continuity of cladding 
is described for steels clad with nickel 
or high-nickel alloys. Mention is also 
made of striplining of vessels and use of 
overlay techniques as means of economiz- 
ing in use of materials. Tables list prop- 
erties of nickel and nickel alloys in an- 
nealed condition, and filler wires and 
electrodes for welding these materials. 
Diagrams show joint designs. Photo- 
graphs show low-carbon nickel caustic- 
soda evaporator, nickel heating coils for 
treatment of edible fats, Monel press 
roll, nickel vessel for salt evaporator and 
crystallizer, Inconel-clad steel reactor for 
Dowtherm heating and Monel stripper 
column.—INCO. 16827 


TECHNICAL 
REPORTS 


HIGH PURITY WATER 
CORROSION 


Symposium on Corrosion ¥. High Purity 
Water by Committee T-3F on High 
Purity Water which includes: 


Introduction to Symposium on Corrosion 
A High-Purity Water by John F. 
ckel. 


Corrosion of Structural Materials in 
High-Purity Water by A. H. Roebuck, 
C. R. Breder and S. Greenberg. 


Caen Engineering Problems in High- 
Purity Water by D. J. DePaul, 


The Importance of High-Purity Water 
Data to Industrial Applications by 
W. Z, Friend. Per Copy. . $1 

Symposium on Corrosion by High Purity 

ater. Five Contributions to the 
Work of NACE Technical Committee 
sa on High Purity Water. Pub. 


Measurement of Corrosion Products in 
High Temperature, High Pressure 
Water Systems by A. S, Sugalski and 
S. 1. Williams. 


Corrosion of Aluminum-Nickel Type Al- 
loys in High Temperature Aqueous 
Service by F. H. Krenz. 


Corrosion of Aluminum in High Purity 
Water by R. J. Lobsinger and J. M 
Atwood. 


The Storage of High Purity Water by 
Richard R. Dlesk. 


Water Conditions for High Pressure 
Boilers by D. E. Voyles and E. 
Fiss. Per Copy 


Symposium on Corrosion by High Purity 
Water. Four Contributions to the Work of 
NACE Tech. Comm. T-3F on High rr 
Water. Pub. 58-13. Per Copy $1.50 


Corrosion Behavior of Zirconium-Uranium 
Alloys in High Temperature Water, by 
W. E. Berry and R. S. Peoples. 


Corrosion and Water Purity Control for 
the Army Package Power Reactor by R. J. 
Clark and A. Louis Medin. 


Removal of Corrosion Products from High 
Temperature, High Purity Water Systems 
with an Axial Bed Filter by R. E. Larson 
and S. L. Williams. 


Some Relations Between Deposition and Cor- 
rosion Contamination in Low Make-up 
Systems for Steam Power Plants by E. S. 
Johnson and H. Kehmna. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to Nacional 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 60c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Matico. 


NATIONAL ASSOCIATION 
OF CORROSION ENGINEERS 


1061 M & M Bldg. Houston 2, Texas 
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6.3.11, 3.5.9 

Behavior of the Platinum Metals at 
High Temperatures. A. R. Powell. Plat- 
ag Metals Rev., 2, No. 3, 95-98 (1958) 
uly 

Prolonged heating in air of all the 
platinum metals results in more or less 
rapid loss in weight at temperatures 
above 1000 C; since this loss does not 
occur in inert gas atmospheres it has 
been attributed to the formation of vola- 
tile oxides. This is certainly true for 
osmium and ruthenium which form ex- 
tremely volatile tetroxides, but so far the 
oxides responsible for the volatilization 
of the other members of the group have 
not been isolated and identified. Com- 
paring behavior of platinum, rhodium 
and palladium in oxygen at high tem- 
peratures, it is concluded that platinum 
is the most and palladium the least, 
volatile at temperatures up to 1200 C 
whereas at 1300 C there is relatively 
little difference in the volatility of all 
three. The volatility of platinum in 
oxygen at 900-1100 C is appreciably re- 
duced by alloying it wtih palladium or 
rhodium. Discussion is given of behavior 
of platinum as resistors and palladium- 
rhodium as thermorouples. Graph—INCO. 


16915 


6.3.20, 3.8.4 

Mechanism of Oxide Film Formation 
on Zirconium. O. Flint and J. H. O. 
Varley. J. Phys. Chem. Solids, 6, 213- 
222 (1958) August. 

Surface condition of zirconium con- 
trols both thermal and anodic oxidation. 
Effect of ultraviolet light. The interpre- 
tation suggested for these observations 
is in terms of the possible variation in 
electronic work function and defect state 
of the oxide depending upon the physi- 
cal condition of the metal surface. These 
variations will affect the efficiency of 
anodic film formation, and a qualitative 
scheme of possible mechanisms whereby 
film growth is controlled is described. 
11 references.—MR. 16856 


8. INDUSTRIES 
8.4 Group 4 











8.4.2, 3.4.6 

Study of the Internal Corrosion of 
Pipes in the Transport and Distribution 
of Purified City Gas Under Various 
Pressures. (In French.) J. Morlet. Cor- 
rosion et Anticorrosion, 6, 127-131 
(1958) April. 

Extent to which the corrosive action 
of purified city gas on soft steel pipe, 
in the absence or presence of condensed 
water, depends on its oxygen and carbon 
dioxide content and on pressure. Cor- 
rosion was found to be independent of 
pressure and of carbon dioxide content. 
Possibility of considerably decreasing 
the corrosive action of purified city gas 
by limiting its oxygen content or by 
dehydrating it, the latter being the more 


effective procedure—MR. 16764 


8.4.5 

Recent Developments in Fluoride 
Volatility Processing of Reactor Fuels. 
R. K. Steunenberg, J. Fischer, S. Vogler, 
M. J. Steindler, M. Adams, G. Goring, 
R. C. Vogel, W. A. Rodger, W. J. 
Mecham and W. B. Seefeldt. Argonne 
National Lab. U. S. Atomic Energy 
Commission Pubn., A/CONF.15/P/539, 
32 pp. Prepared for the Second U. N 
International Conference on the Peace- 
ful Uses of Atomic Energy, 1958. Avail- 
able from Office of Technical Services, 
Washington 25, D. C 


Vol. 15 


Development work on the processing 
of duel alloys containing enriched ura- 
nium and zirconium is reported. The 
alloy is dissolved at a temperature oi 
600C in an approximately equimola: 
melt of sodium fluoride and zirconium 
fluoride, which is sparged with hydro 
gen fluoride vapor. The resulting tetra 
fluorides of zirconium and uranium dis 
solve in the melt as they are formed 
The uranium is volatilized as the hexa- 
fluoride by sparging the melt with 
fluorine or bromine pentafluoride vapor. 
Data on the dissolution rates and the 
uranium volatilization have been ob- 
tained in both laboratory and _ semi- 
works investigations. Equipment prob- 
lems are discussed and a design as well 
as initial operating experience is pre- 
sented of a semi-works scale dissolver- 
hydrofluorinator of all graphite con- 
struction. Corrosion data on metal and 
graphite under dissolution conditions 
are reported. Included are recent studies 
relating to fission product behavior in 
fluoride systems, the corrosion rates of 
certain metals in fluorine at elevated 
temperatures and the handling of plu- 
tonium hexafluoride in the vapor phase. 
(auth)—NSA. 16847 


8.4.5, 6.4.2 
Research Findings Speed Nuclear 
Progress. D. Lillie. General Elec. Gen- 
eral Elec. Rev., 61, 43-45 (1958) July. 
Some results of General Electric’s re- 
search in nuclear structural materials 
and fuels are discussed and appraised. 
Stainless steel, zirconium and aluminum 
are evaluated as fuel cladding materials. 
While aluminum has advantage of low 
neutron-absorption cross section (0.22 
barns, compared to 2.85 for stainless 
steel), its chief drawback is catastrophic 
corrosion in 300 C water. Addition of 
nickel to aluminum is effective through 
protective modification of protective 
film, particularly through formation of 
complex aluminum-nickel oxides. Iron- 
silicon and iron-aluminum alloys are 
considered. Alloying with copper, mo- 
lybdenum, nickel, zirconium and alumi- 
num is not egective in improving duc- 
tility of iron-6 silicon alloys—INCO. 
16829 


8.4.3, 4.3.2, 6.3.10 

What to Do About Corroding Iso- 
merization Units. J. F. Mason, Jr., and 
C. M. Schillmoller. Inco. Petroleum Re- 
finer, 37, No. 7, 103-106 (1958) July. 

Reviews some case histories of corro- 
sion problems encountered in butane 
isomerization units and points out where 
corrosion has occurred or can normally 
be expected to occur. Remedial steps 
are indicated. Effects of hydrochloric 
acid concentration and solution tempera- 
tures on corrosion rate of nickel and its 
alloys (nickel-copper, nickel-molybde- 
num and nickel-silicon) are summarized 
with graphs. In vapor phase butane 
process, corrosive conditions result from 
formation of dilute hydrochloric acid 
and sludge. Importance of keeping sys- 
tem dry and free from olefins, sulfur 
and pentanes cannot be over-emphasized. 
In liquid phase butane process, due to 
corrosive nature of catalyst (aluminum 
chloride in antimony trichloride), re- 
actors, vessels, pumps and transfer lines 
in catalyst service are clad or lined with 
nickel or alloy boron (nickel-molybde- 
num-iron alloy).—INCO. 16953 


8:4.5,5.11,23:3 

Engineering Design of Oak Ridge 
Fluoride Volatility Pilot Plant. R. P. 
Milford. Oak Ridge National Lab. Ind. 
and Eng. Chem., 50, No. 2, 187-191 
(1958) Feb. 
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Describes fluoride volatility process 
which appears promising as a method 
of recovering uranium from nuclear re- 
actor fuel elements of the zirconium 
type. Fluorinator is fabricated from L-Ni. 
Although rod-type electrical heaters 
banded with stainless steel shimstock 
ire used in a few cases to maintain 
emperature of molten salt transfer lines 
ibove melting point of salt, principal 
nethod of heating was “autoresistance” 
—a process of heating pipes or tubes by 
assing electrical current through pipes 
xr tube walls. Inconel was used because 
of its high electrical resistivity, coupled 
vith its corrosion resistance to fused 
Huoride salts being transferred. Absorb- 
-rs and uranium hexafluoride cold traps 
ire fabricated from Monel. Uranium 
hexafluoride lines that cannot be run 
through ducts are heated by No. 20 
Nichrome wire with asbestos insulation 
and Monel braid. Diagrams, photos.— 


INCO. 16961 
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8.4.5, 6.3.20 

HRP Radiation Corrosion Studies: 
In-Pile Loop L-4-11. J. R. McWherter 
and J. E. Baker. Oak Ridge National 
Lab. U. S. Atomic Energy Commission 
Pubn., ORNL-2152, June 27, 1958, 50 
pp. Available from Office of Technical 
Services, Washington, D. C. 

The sixth in-pile loop experiment, 
L-4-11, was completed. The loop oper- 
ated in-pile for a total of 1109 hr, dur- 
ing which time the LITR energy output 
was 2175 Mwhr. The main-stream oper- 
ating temperature was 250 C. During 
this run the loop was drained and then 
recharged with fresh solution. Based on 
oxygen data, the corrosion rate for the 
first 110 hr of operation was 5.0 mpy: 
for the next 232 hr the rate was 1.7 mpy. 
For the first 120 hr of operation with 
the second fuel solution the corrosion 
rate was 7.2 mpy, and for the remainder 
of the run the rate was 1.9 mpy. The 
nickel data gave parallel results. Cor- 
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rosion specimens of a large variety of 
zirconium alloys, titanium alloys and 
stainless steels, as well as specimens of 
synthetic sapphire, sintered alumina, 
platinum and Incoloy, were included in 
the experiment. Corrosion rates of most 
of the zirconium alloys, titanium alloys 
and stainless steels were generally con- 
sistent with rates observed in the pre- 
vious in-pile loops. The zirconium alloys 
zirconium-3 (3% silver), zirconium-3 
(0.52% tin, 5.71% titanium, 40 ppm 
nitrogen), zirconium-3 (0.52% tin, 028% 
iron, 5.66% titanium, 60 ppm nitrogen), 
zirconium-3 (1.4% iron), and zircon- 
ium-4 (0.7% iron, 2.8% chronmium) cor- 
roded at rates about two to three times 
those observed for Zircaloy-2 at the 
same power density. The zirconium alloy 
containing 3.84% aluminum and 2.5% 
manganese corroded at rates about 10 
to 20 times those for Zircaloy-2. The zir- 
conium alloy containing 2% niobium 
corroded at the same rate as Zircaloy-2 
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in the core but at a much higher rate, 
17 mpy, in the in-line position. How- 
ever, a zirconium alloy containing 15% 
niobium corroded at less than one-third 
the Zircaloy-2 corrosion rates in the core 
and exhibited rates similar to Zircaloy-2 
in the in-line position. Corrosion rates 
for Incoloy were found to be about the 
same as those for stainless steel exposed 
to similar conditions. All sintered alumi- 
num oxide specimens in the main stream 
disintegrated; however, the aluminum 
oxide bearings in the low temperature 
region of the pump showed no meas- 
urable wear. Synthetic sapphire became 
cloudy and corroded at a rate of 12 mpy. 
Platinum was slightly affected in the 
core. (auth)—NSA. 16972 


8.4.5 

The Manufacture of PWR Blanket 
Fuel Elements Containing High Density 
Uranium Dioxide. J. Glatter, E. F. 
Losco, W. J. Hurford, J. S. Theilacker, 
R. L. Fischer, N. T. Saunders and R. A. 
Wolfe. Westinghouse Electric Corp. 
U. S. Atomic Energy Com. Pubn., 
A/CONF.15/P/2380, 42 pp. Prepared for 
the Second U. N. International Conf. on 
the Peaceful Uses of Atomic Energy, 
1958. Available Office of Technical Serv- 
ices, Washington, D. C. 

An account is given of the accomp- 
lished production of the blanket fuel 
elements for the first Pressurized Water 
Reactor core and of the current status 
of development on the blanket fuel ele- 
ments for the second core. High density 
uranium dioxide cylindrical pellets were 
utilized in the rod type unbonded fuel 
element of the first core. Dense uranium 
dioxide wafers are currently under de- 
velopment for use in a flat type un- 
bonded fuel element for the second core. 
The methods and techniques utilized for 
fabricating the fuel rod bundles are de- 
scribed in detail. The methods for fabri- 
cating the shells and shell assemblies are 
given in detail. Integrated with the engi- 
neering and manufacturing account of 
each of the blanket fuel element com- 
ponents is a description of the quality 
evaluation methods used. The manufac- 
turing costs and yields for each of the 
blanket components for the first core are 
also presented. A method of fabricating 
a plate type, dense uranium dioxide bear- 
ing fuel element consistent with the 
realization of desired mechanical rigidity 
is described. Mechanical properties, cor- 
rosion, corrosion resistance data and 
irradiation stability information is pre- 
sented to illustrate the current evalu- 
ation of performance of the flat plate 
type unbonded fuel element contem- 
plated for use in the second core. (auth) 


—NSA. 16931 


8.4.5, 3.5.4 

Development of High Power Irradia- 
tors. B. Manowitz, O. Kuhl, D. Richman 
and L. Galanter. Brookhaven National 
Lab. U. S. Atomic Energy Commission 
Pubn., A/CONF. 15/P/1069, 20 pp. Pre- 
pared for the Second U. N. International 
Conf. on Peaceful Uses of Atomic En- 
ergy, 1958. Available Office of Technical 
Services, Washington, D. C. 

Two systems are considered—one a 
nuclear reactor through which an aque- 
ous solution of an indium salt is circu- 
lated and subsequently also circulated 
through the irradiator; the other, a de- 
vice made up of plates of Co”. Experi- 
mental data are presented on corrosion 
behavior of indium solutions against 
various materials of construction, sta- 
bility of indium solutions and dose dis- 
tribution of radiations from indium 
solutions in an absorbing medium. The 
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dose distribution study was made on 
large-scale, low-level irradiators. Experi- 
mental results are compared with theo- 
retical. From the experimental data on 
dose received at a known curie input, 
the power required for the nuclear re- 
actor in order to achieve full-scale 
throughput is estimated. Design parame- 
ters for the cobalt-60 irradiator are ana- 
lytically determined. Some experimental 
data are compared with the theory. 
(auth)—NSA. 16893 


8.4.5, 4.7 

Metallurgical Problems in Molten 
Fluoride Systems. W. D. Manly, J. H. 
Coobs, J. H. DeVan, D. A. Douglas, 
H. Inouye, P. Patriarca, T. K. Roche 
and J. 1. Seott. Oak Ridge National 
Lab. U. S. Atomic Energy Commission 
Pubn., A/CONF. 15/P/1990, 30 pp. Pre- 
pared for Second U. N. International 
Conference on Peaceful Uses of Atomic 
Energy, 1958. Available Office of Tech- 
nical Nerciea, Washington, D. C. 

The important metallurgical problems 
relevant to circulating fuel reactors uti- 
lizing fused fluoride systems are dis- 
cussed. The successful utilization of 
such mixtures is in large measure de- 
pendent upon the development of reactor 
materials which can both contain the 
mixtures under reactor conditions and 
afford useful structural properties. Para- 
mount among the materials requirements 
which must be fulfilled are the follow- 
ing: resistance to corrosion by the fluo- 
ride fuel or salt (in the presence of a 
neutron flux), resistance to oxidation 
by air and good elevated-temperature 
strength. Materials must also be easily 
formed and welded into relatively com- 
plicated shapes and be metallurgically 
stable over a wide temperature range. 
The most stringent materials require- 
ment is adequate corrosion resistance 
to the molten fluorides which are used 
as fuel carriers. Generally speaking, cor- 
rosion problems are solved by either 
formation of a protective film through 
action of the corrosive environment or 
the establishment of thermodynamic 
equilibrium between the material and 
corrosive environment before significant 
corrosion occurs, The first approach has 
been used quite successfully with metals 
exposed to gas or high-temperature 
water but with only limited success with 
liquid metals and molten salts. For the 
latter, especially molten fluorides which 
are excellent fluxing agents, the second 
approach, i.e., thermodynamic equilib- 
rium, is preferred. (auth)—NSA. 16918 


8.4.5, 4.7 

Liquid Metal Fuel Reactor and 
LMFRE-I. Clarke Williams and Robert 
T. Schomer. Brookhaven National Lab. 
and Babcock and Wilcox Co. U. S. 
Atomic Energy Commission Pubn., 
A/CONF.15/P/2355, 28 pp. Prepared 
for the Second U. N. International Con- 
ference on the Peaceful Uses of Atomic 
Energy, 1958. Available from Office of 
Technical Services, Washington, D. C. 

An outline of the progress in the liq- 
uid Metal Fuel Reactor program since 
the last Geneva Conference is presented, 
along with the results of a number of 
feasibility and economic evaluation stud- 
ies on various liquid metal fuel reactor 
designs. Exponential and critical experi- 
ments are underway: to establish core 
design parameters. The chemistry re- 
search to date indicates that either 
continuous processing plants or batch 
processing is feasible for the uranium- 
bismuth circulating fuel. 2% chromium-1 
molybdenum has been extensively tested 
in thermally convected and pumped loops 
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and appears to be a possible containe: 
material. Steels with lower chrome or 
no chrome content appear to corrode 
even less. Graphite exposed to bismuth. 
uranium solution appears to be a satis- 
factory container material. Studies are 
underway on slurries both of ThBi: and 
thorium dioxide in liquid bismuth. O: 
the various designs considered, the mos’ 
attractive appears to be a single regio 
reactor in which the fuel mixture o: 
U**8-thorium-bismuth is circulated 
through an external heat exchanger. A 
two region reactor with U**-bismuth 
solution fuel circulates through the core 
and a ThBi in liquid bismuth slurry is 
circulated through a blanket region sur- 
rounding the core and separated from 
it by a graphite burner. (auth)—NSA. 

16890 


8.4.5, 6.2.2 

Iron-Aluminum Base Alloys for Re- 
actor Components. William A. Maxwell, 
Blake King, J. Mueller and N. Ida. 
Martin Co. U. S. Atomic Energy Com- 
mission Pubn., A/CONF.15/P/707, 18 
pp. Prepared for the Second U. N 
International Conference on the Peace- 
ful Uses of Atomic Energy, 1958. Avail- 
able from Office of Technical Services, 
Washington, D. C. 


Each of the materials presently avail- 
able for cladding duel elements and other 
power reactor core components is shown 
to represent a poor compromise as far as 
nuclear, physical, chemical and cost 
characteristics are concerned. Alloys 
based on the iron-aluminum system are 
noted to be cheap, extremely corrosion- 
resistant and to have only a moderate 
neutron-capture cross section. Their use- 
fulness as canning materials is described 
as having been greatly limited, however, 
by their brittleness and poor high-tem- 
perature strength. The procedure 
followed by the authors in a current 
program aimed at, developing families of 
ductile iron-aluminum base alloys for 
use in water-cooled, liquid-metal cooled 
and gas-cooled reactors is described. 
The metallurgical peculiarities of iron- 
aluminum alloys are discussed and the 
reasoning followed in selecting desirable 
alloying additions is outlined. The im- 
portance of close integration of alloy 
preparation, fabrication methods devel- 
opment and testing activities is em- 
phasized. Properties of promising in- 
terim_ alloys are compared with corre- 
sponding properties of currently avail- 
able materials, and are discussed in 
relation to the economics of reactor 
construction and operation. Their pe- 
culiar combination of corrosion resist- 
ance and ease of reprocessing is pointed 
out as a major advantage of iron- 
aluminum base alloys. Special emphasis 
is given to an evaluation of the effects 
of nuclear bombardment on the struc- 
ture of these alloys. It is concluded that 
the required ductility and high-tempera- 
ture strength can be imparted to iron- 
aluminum base alloys, and that they are 
likely to become competitive with stain- 
less steels, zirconium alloys and other 
materials on the basis of over-all fuel- 
cycle costs. (auth)—NSA. 16932 


8.4.5, 3.5.4, 5.4.3 

An Evaluation of Asphalt and Other 
Materials for Lining Radiochemical 
Waste Storage Basins. Arnold J. Hoi- 
berg, Clyde D. Watson and George A. 
West. Oak Ridge National Lab. U. S. 
Atomic Energy Commission Pubn., 
ORNL-2508, Sept. 10, 1958, 50 pp. Avail- 
able from Office of Technical Services, 
Washington, D. C. 
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Asphaltic membranes appear practi- 
cal for lining earth storage pits for 
aqueous radiochemical waste provided 
that the wastes are neutralized and are 
decayed sufficiently that the self-heating 
temperature does not exceed 150 F and 
the time for the asphalt to acquire a 
dose of 10°r is more than 25 years. In 
laboratory tests gamma irradiation of 
asphalts caused: evolution of hydrogen 
«nd carbon dioxide, resulting in 14 to 
30% volume increase and a honeycomb 
tructure; increase in softening point, 
light increase in ductility and decrease 
n penetration; decrease in flash point 
ut no increase in “loss on heating”; 
ncrease in asphaltenes and resins and 
lecrease in oils. The addition of mineral 
illers was not beneficial. Prefabricated 
isphaltic membrane and plank samples 
vere still serviceable after 10°r irradia- 
ion. Irradiated tars showed some change 
n ductility but little change in other 
yhysical properties. In 1- to 4-week 
mmersion tests, asphalts deteriorated in 
simulated acid waste solutions above 
150 C, but changes were slight when 
the nitric acid concentration was < 1%. 
Chemical damage to tars appeared to be 
similar to that of asphalts but the physi- 
cal changes were not actually measured. 
In 1-year field tests an asphaltic mem- 
brane remained impervious to passage 
of neutralized waste containing 10° 
curie/liter and a prefabricated asphalt 
plank sagged 1.5 in. but did not rupture 
while supporting 2 ft. of gravel. In sur- 
vey studies, soil solidified with liquid 
silicate conditioners was stable in acid 
waste but not in water or caustic waste. 
It was calculated that wastes from fuels 
irradiated to 10,000, 3,300 and _ 1,000 
Mwd/ton and decayed 6 years would 
irradiate an asphalt lining to 10°r in 20, 
79 and 300 years, respectively; with 10 
years’ decay the times would be 27, 95, 
and 365 years. Longer decay times offer 
little, if any, advantage. An open pit of 
10° gal. capacity could be constructed 
for $0.03 per gallon, and one with a 
concrete roof for $0.07 per gallon; cor- 
responding costs for a 5 x 10° gal. pit 
would be $0.02 and $0.05 gallon. (auth) 
—NSA. 16853 





8.4.5, 6.3.17 

Uranium Dioxide—A Promising Nu- 
clear Fuel. A Metallurgy Seminar Pre- 
sented at the University of Toronto, 
January 24, 1958, and at McMaster 
Univ., March 6, 1958. O. J. C. Runnalls. 
Atomic Energy of Canada, Jan., 1958, 
35 pp. Available from the Scientific 
Document Distribution Office, Atomic 
Energy of Canada, Ltd., Chalk River, 
Ontario, Canada. 

Canada’s need for power is dealt with 
briefly. Experience with uranium metal 
in the NRX Reactor in relatively cold 
water and experiments with hot water 
which indicate that uranium metal is 
unsatisfactory for water-cooled power 
reactors are discussed. Information is 
presented to support the contention that 
zirconium alloy clad uranium dioxide 
will meet the required specifications of 
corrosion resistance, irradiation stability 
and economic fabrication costs. Photo- 
graphs illustrating variations in corro- 
sion behavior, radiation effects, and 
fabrication techniques for uranium and 
uranium dioxide are given—NSA. 16865 


8.4.5, 5.11 


CORROSION ABSTRACTS 


1957. Am. Soc. Mechanical Engrs., Pa- 
per No. 57-NESC-119, 1957, 9 pp. 
Discusses principal problems faced in 
mechanical and thermal design of cores 
for pressurized water reactors. All ma- 
terial used in reactor design must first 
be compatible with cooling fluid in plant. 
Basic material used in high temperature 
water for static parts of reactor such as 
core structural supports is stainless 
Type 304 or 347. In order to conserve 
fuel inventory, fuel element cladding 
materials should have low neutron ab- 
sorbing properties; this has led to ex- 
tensive use of zirconium and zirconium 
alloys. Power cores have been proposed 
using stainless steel cladding. Rubbing 
parts on Pressurized Water Reactors 
are made of 17-4 PH or chromium- 
plated stainless and various grades of 
Stellites. In design of pressure vessels, 
chief problem is that of achieving heavy 
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sections with stainless steel suitably 
bonded to carbon steel so as to obtain 
corrosion resistance of stainless with 
relative strength, weldability and availa- 
bility of carbon steel. Use of 410 stain- 
less is necessary on mechanism hous- 
ings of Pressurized Water Reactors 
vessel because of its magnetic proper- 
ties —INCO. 16269 


8.4.2 

Problems of Importing Natural Gas. 
A. R. Myhill. Chem. and Process Eng., 
39, No. 1, 24-26 (1958) Jan. 

Discussion of recent advances in 
liquefaction, storage and transportation 
of natural gas which point to a possible 
way of easing Britain’s gas supply 
problems. Technical considerations in- 
volved are examined. Insulated recep- 
tion tanks made of special alloys are 
being constructed at Canvey Island in 
the Thames Estuary. Only a limited 
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amount of information is available on 
the construction and operation of stor- 
age tanks for liquids at low tempera- 
tures but several large tanks have been 
built for the reception of liquid oxygen, 
of the double-shell cylindrical pattern 
with inner container of stainless steel 
insulated by powder material of the 
expanded volcanic dust type. Diagram 
shows one design proposed for storing 
liquefied gas in Chicago which provides 
for 19 vertical containers in the form of 
copper-nickel cylinders arranged in a 
cluster within an insulated tank having 
a copper lining and a mold-steel shell. 
Photo.—INCO. 16543 


8.4.3, 3.4.8, 3.2.2 

Corrosion in Cat Reformers with 
Naphtha Pretreaters. E. B. Backensto 
and R. W. Manuel. Paper before Am. 
Petroleum Inst., Refining Div., Annual 
Mtg., Los Angeles, May 12-15, 1958. 
Oil & Gas J., 56, No. 20, 131-135 (1958) 
May 19. 

Experience with catalytic reformers 
having naphtha pretreaters has borne 
out predictions that desulfurization of 
charge to below 0.002% by weight of 
sulfur would reduce high-temperature 
hydrogen-hydrogen sulfide corrosion of 
carbon and low chromium steels in re- 
forming section to a negligible level. Sul- 
fide scaling has been prevented by use of 
18-8 chromium-nickel stainless steel and 
calorized coatings. Corrosion and foul- 
ing by chlorides in low-temperature sec- 
tions of pretreater were controlled by 
injection of ammonia and inhibitors and 
by use of Monel alloys. Transgranular 
stress-corrosion cracking of austenitic 
Stainless steel by chlorides is being pre- 
vented by washing piping and exchang- 
ers with water and dilute alkaline 
solutions during shutdowns. Intergranu- 
lar cracking of unstabilized austenitic 
alloy lining has occurred in 1 pretreater 
reactor, probably as a result of polythio- 
nic acids formed by action of wet steam 
on sulfide scale, but has not occurred 
in units where stabilized alloys are used 
and contact of wet steam is avoided. 
High-temperature hydrogen attack was 
observed on a few carbon steel internal 
details in reactors, but generally hydro- 
gen damage was avoided through use 
of chromium and molybdenum steels for 
exposed parts and by adequate insula- 
tion of carbon steel. Photos, photo- 
micrographs.—INCO. 16465 


8.4.5, 3.5.4 

The Effect of Nuclear Radiation on 
Structural Metals. B. C. Allen, A. K. 
Wolff, A. R. Elsea and P. D. Frost. 
Battelle Memorial Inst. U. S. Atomic 
Energy Commission Pubn., Contract 
AF33(616)-5171, May 31, 1958, 40 pp. 
Available from Battelle Memorial Inst., 
Radiation Effects Information Center, 
Columbus, Ohio. 

The general effects of various types 
of radiation on metals are discussed and 
the damage mechanisms are outlined. 
Following this is a topical discussion of 
the effects of fast neutrons on the physi- 
cal and electrical properties and corro- 
sion resistance of metals. Tabular data 
are presented on these effects. Experi- 
metal evidence to date indicates that 
structural metals are quite resistant to 
nuclear radiation when compared to 
such things as organic compounds or 
electronic components. Fast neutrons in 
integrated flux levels above 10” nvt rep- 
resents the only reactor radiation that 
can significantly affect the properties of 
structural nonfissionable metals. (auth) 


—NSA. 16451 
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8.4.5, 3.5.9, 4.7 

Examination of Fluoride Pump Loops 
4935-5 and 4935-7. R. S. Crouse, J. H. 
DeVan and E. A. Kovacevich. Oak 
Ridge National Lab. U. S. Atomic En- 
ergy Commission Pubn., CF-55-10-31 
(Del.), October 5, 1955 (Declassified 
with Deletions March 12, 1957), 11 pp. 
Available from Office of Technical 
Services, Washington, D. C. 

The two gas-fired pump loops are a 
part of a series being run to determine 
the effect of wall temperature on mass 
transfer in an Inconel-fused fluoride 
system. The corrosion of the loops is 


evaluated.—NSA. 16160 
8.4.5, 3.5.4 

The Metallurgy of EBWR. K. F. 
Smith. Argonne National Lab. Metal 


Progress, 72, No. 5, 79-83 (1957) Nov. 
Discusses new alloys and new fabri- 
cating techniques developed to meet un- 
usual conditions of irradiation and cor- 
rosion encountered in experimental boil- 
ing water reactor. Alloying uranium 
with 5 zirconium and 1% niobium, fol- 
lowed by gamma quench and isothermal 
treatment, produced fuel with stability 
under irradiation, corrosion resistance 
superior to that of unalloyed uranium, 
and rolling characteristics compatible 
with Zircaloy-2 cladding. Plate rolling 
techniques and welding of plates to form 
subassemblies is described. Effect of 
irradiation on impact strength of pres- 
sure vessel steel is considered; data for 
A-212 steel are shown in graph. Interior 
of pressure vessel is clad with Type 304. 
Boron stainless steel is used for thermal 
shield and control rods; boron is ab- 
sorptive agent for excess. neutrons. 
Problem of boron changing to lithium 
plus helium under irradiation is present. 
Diagram of reactor is shown.—INCO. 


16289 


8.4.5, 3.5.4, 3.4.7 

Radiation Versus Film Formation. 
Final Report. Problem Assignment No. 
124-X14E. S. Kuniansky and R. B. 
3riggs. Chicago Univ. Metallurgical 
Lab. U. S. Atomic Energy Commission 
Pubn., CE-2816, May 7, 1945 (Declassi- 
fied Feb. 19, 1957), 34 pp. Available 
from Office of Technical Services, 
Washington, D. C. 

Experiments in capillary tubes in the 
Clinton pile indicate that radiation in a 
250,000 Kw pile will have little or no 
effect on the rate of film formation at 
pH>7. At pH<7 radiation appears at 
increase the rate of film formation if 
sodium dichromate is present in the 
water, probably due to the deposition 
of hydroxides of chromium. Experience 
with the experimental water tubes in the 
Clinton pile indicates that little trouble 
may be expected from film formation if 
the pH is maintained above 7 and the 
concentration of iron is kept below 0.05 
ppm. Addition of some sodium silicate 
to the water reduces the rate of film 
formation, however, there is evidence 
which indicates that the presence of 
sodium silicate in concentrations as 
great as 40 ppm, calculated as SiO:, may 
result in the formation of a less easily 
removable film. (auth)—NSA. 16211 


8.4.5, 6.2.1, 6.6.5 

The Choice of Structural Material for 
Nuclear Power Stations. Charles E. 
Reynolds. Simon-Carves, Ltd., London. 
Atomic Energy Rev., 1, 72-77 (1957), 
September. 

A discussion is presented on the 
choice of structural materials such as 












steel and concrete for nuclear power 
stations. The factors considered are th 
costs, availability, durability, mainte 
nance, fire resistance, watertightnes: 
and resistance to corrosion.—NSA. 
16397 


8.4.5, 6.4.2 

Corrosion and Aluminum Activity ir 
Pile Water. Progress Report-Problen 
Assignment Nos. 124-X1E and 124 
X11E. W. P. Jesse, M. C. Leverett 
W. D. B. Spatz, and R. B. Briggs. 
Clinton Laboratories. U. S. Atomic En- 
ergy Commission Pubn., CT-1440, May 
15, 1944 (Declassified Feb. 18, 1957), 32 
pp. Available from Office of Technical 
Services, Washington, D. C. 

The corrosion rate of 2S aluminum in 
the X pile under simulated W _ condi- 
tions is about 1/7 that calculated from 
the Al* activity in the pile effluent 
water. It is proposed that the discrep- 
ancy is due to the aluminum oxide film 
where, it is postulated, Al* atoms are 
formed and from which they escape into 
the cooling water by diffusion. The cor- 
rosion rate measured by weight loss of 
the slugs is normal (about 0.001 inch/ 
month) for the rather corrosive condi- 
tions used. No effect of pile radiation 
on corrosion rate was observed. The 
corrosion rate was slightly less at 92 C 
than at 77 C. A possible empirical rela- 
tionship between AIl® activity in the wa- 
ter and corrosion rate is mentioned. 


(auth)—NSA. 16219 


8.4.5, 6.3.17 

A Fused Salt-Fluoride Volatility Proc- 
ess for Recovery and Decontamination 
of Uranium. G. I. Cathers and M. R. 
Bennett. Oak Ridge National Lab. U. S. 
Atomic Energy Commission Pubn., 
ORNL-1885 (Del.), October 10, 1955 
(Declassified with Deletions Feb. 28, 
1957), 24 pp. Available from Office of 
Technical Services, Washington, D. C. 

A preliminary chemical flowsheet is 
presented of a fluoride volatility proc- 
ess for recovering and decontaminating 
uranium from heterogeneous reactor 
fuels after dissolution in a fused salt. In 
laboratory work, a gross 8 decontami- 
nation factor of >10* was obtained in 
the fluorination of a uranium tetraflu- 
oride-sodium fluoride-zirconium fluoride 
melt by passing the product uranium 
hexafluoride through sodium fluoride at 
650°C. The solubility of uranium hexa- 
fluoride in molten sodium fluoride-zirco- 
nium fluoride was shown in _ kinetic 
studies to cause a lag in the evolution 
of uranium hexafluoride from the flu- 
orinator. Corrosion of nickel in the 
fluorination step appeared to be 2 to 4 
mils/hr during the time that uranium 
was present. The average corrosion rate 
over the process as a whole was less 


than 0.4 mil/hr. (auth)—NSA. 16147 


8.4.5 

The Fuel System Uranium Dioxide- 
Phosphoric Acid-Water and Los Alamos 
Power Reactor Experiment II. B. J. 
Thamer. Los Alamos Scientific Lab. 
U.S. Atomic Energy Commission Pubn., 
A/CONF.15/P/925, 9 pp. Prepared for 
the Second U. N. International Confer- 
ence on the Peaceful Uses of Atomic 
Energy, 1958. Available from Office of 
Technical Services, Washington, D. C. 

Dilute aqueous reactor fuels have the 
disadvantage of high vapor pressures at 
the temperatures desired for power pro- 
duction. The solubility, radiation stabil- 
ity, corrosion, vapor pressure and ther- 
mal expansion of such solutions and the 
reactor based on one such fuel are dis- 


cussed.—NSA. 16844 
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8.4.5, 6.6.6, 3.5.9, 3.8.4 

Some Corrosion Considerations of 
High-Temperature Gas-Cooled Reactors. 
S. J. Yosim, R. L. McKisson, A. M. 
Saul and D. E. McKenzie. Atomic In- 
ternational Div., North American Avia- 
tion Inc. U. S. Atomic Energy Commis- 
sion Pubn., A/CONF.15/P/1077, 11 pp. 
Prepared for the Second U. N. Inter- 
national Conference on the Peaceful 
Uses of Atomic Energy, 1958. Available 
from Office of Technical Service, Wash- 
ington, D. C. 

The basic chemical principles by which 
the corrosion properties and thus the 
temperature limitations of refractory 
materials may be evaluated are de- 
scribed. High-temperature corrosion by 
direct vaporization and the reaction of 
a gaseous component with the solid to 
form a gaseous product are considered. 
—NSA. 16862 


8.5 Group 5 


8.5.3 

Sulphite Pulping Operating Manual. 
Tappi, 40, No. 4, 14A, 16A, 18A, 22A, 
24A, 26A, 28A, 30A, 32A, 34A, 36A, 
40A, 42A, 44A, 46A, 48A, SOA, 52A, 
54A, 58A, 60A, 62A, 64A, 66A, 68A, 
70A, 72A (1957) April. 

Manual outlines major steps and 
equipment in making sulfite pulp and 
explains reasons why basic operations 
are carried out. Cutting edges of knives 
of wood shippers are made of high 
grade hardened steel and face plates are 
chromium plated steel. Sulfur burner 
consists of a steel or cast-iron cylinder. 
Spray type gas cooler consists of 1 pri- 
mary and 1 secondary tower. Primary 
tower consists of a steel shell lined with 
a sheet of lead and acid-resisting tile 
and secondary tower is of stainless steel. 
Corrosion by acidic liquids and gases in 
digester requires that structural steel 
and auxiliary piping and equipment be 
kept well painted. All piping and fittings 
that come into direct contact with acid 
at higher temperatures must be of acid- 
resisting bronze or chromium-nickel 
steel. Large pressure vessels are usually 
made of structural steel but are lined 
with well-cemented acid-resisting ce- 
ramic tile or brick to keep shell itself 
from actual contact with acid contents. 
Blowpit is the receptacle for receiving 
digester charge when cook is complete 
and is usually made of stainless steel 
plate. Strainer plates may be wood, tile 
or stainless steel. Bronze or stainless 
steel plates are attached to the blowpit 
wall opposite blow-pipe and protect pit 
wall from rapid destruction by digester 
discharge during blow. Screen plates of 
screen room may be of bronze, bronze 
chromium-plated or stainless steel. Sep- 
arators are of stainless steel, bronze 
or steel lined with a protective coating. 
A bronze or stainless steel screen of fine 
mesh covers open framework or cylin- 
der mold, permitting water but not fiber 
to pass into interior of cylinder. Suction 
mold of Kamyr machine consists of a 
cast iron cylinder with a _ perforated 
plate cast integrally with suction cham- 
bers. Vat body is made of steel plate 
and lined with either stainless steel plate 
or copper.—INCO. 16417 


8.5.3, 4.3.2, 6.2.5 

Sulphite Pulp Washing Practices and 
Trends. W. H. Pitkin and H. L. Crosby. 
Paper before TAPPI, 42nd Annual 


166a 


CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


1957. 


New York, Feb. 18-21, 
(1957) 


Mtg., 
40, No. 11, 204A-206A 


Tappi, 
Nov. 
Description of techniques used in sul- 
fite pulp washing. Acid-sulfite liquors 
are extremely corrosive and for ade- 
quate protection choice of materials of 
construction lies between stainless steel 
and acid-proof tile. Type 316 stainless 
and 18.5 chromium, 13.0-13.5 nickel, 2.75 
molybdenum and 0.03 carbon stainless 
were found most satisfactory. Serious 
corrosion difficulties might arise if chro- 
mium content were to drop below 
17%. Should molybdenum figure fall be- 
low 2.5%, corrosion might also be se- 
vere, particularly if stray chlorides were 
present in liquor. Vats and large tanks 
for washing system may be tile lined 
and of concrete or steel. Stainless steel 
vats or tanks may also be used, al- 
though they are considerably more ex- 
pensive. —INCO 16243 


8.5.3, 4.3.3 

Bleaching at the East Texas Pulp and 
Paper Company. W. Robinson and J. B. 
Beck. Paper before TAPPI, 10th Alka- 
line Pulping Conf., New Orleans, No- 
vember 15, 1956. TAPPI, 40, No. 9, 
211A-215A (1957) Sept. 

Description of 5-stage bleaching proc- 
ess and corrosion problems encountered. 
In chlorination stage, rubber lining of 
stock line and on agitators failed; re- 
placement agitators were Type 317. Iron 
piping carrying sodium hypochlorite 
corroded and was replaced with saran- 
lined steel piping. Hastelloy C is used 
as lining for vertical mixer and piping 
in chlorine dioxide stage. Lines from 
chlorine dioxide seal tank to bottom of 
chlorine dioxide tower were of Type 317 
ELC and failed within first year; they 
are being replaced by 317 ELC fully 
annealed pipe and saran-lined steel pipe. 
Type 317 ELC stock line from chlorine 
dioxide tower to washer failed within 
first year; it is being replaced by 317 
ELC for want of better material for 
this spot. Various types of materials 
are under test to replace Type 317 ELC 
acid sewer line that failed. Flow charts, 
table of materials of construction.— 
INCO. 16297 


8.5.3, 7.6.6, 6.2.3, 6.2.5 

Operating Experiences in a Neutral 
Sulphite Semichemical Pulp Mill. R. W. 
Doe. Paper before Superintendents’ 
Assoc., Fall Mtg., Poland Spring, Maine, 
1957. Paper Trade J., 141, No. 47, 35-37 
(1957) Nov. 25. 


Major operating difficulties are out- 
lined and their solutions described. 
Among these were barking, woodhan- 
dling maintenance, digester corrosion 
and refiner maintenance. First rotary 
digester installed was fabricated of 316 
stainless and after 5 years there is no 
sign of corrosion. Mild steel digesters 
corroded badly but problem was solved 
by spray metallizing interiors with 
stainless steel. In refining process orig- 
inal mild steel equipment was replaced 
with 304 stainless—INCO. 16155 


8.8 Group 8 


8.8.5 

Experiences in the Production and 
Processing of Small Sections Cast by 
the Continuous Casting Process. (In 
German.) F. Leitner and F. Schmidt. 
Stahl u. Eisen, 78, No. 15, 1028-1032 
(1958) July 24. 

Covers economic conditions determin- 


Vol. 15 


ing adoption of continuous casting plant, 
design features, description of casting 
process, experience gained in casting 
different bar sections and indication o! 
conditions required to produce sound 
castings, Examples for hot-working of 
continuously-cast products are discussed 
and advantages of process are enum: 
erated. Cross-sections of various stee! 
castings are shown.—INCO. 16805 


8.8.5 

Shell Molding for Steel Castings. R. 
G. Powell and H. F. Taylor. Massachu- 
setts Inst. of Technology. Trans. Am. 
Foundrymen’s Soc., 66, 403-408 (1958); 
Modern Castings, 34, No. 2, 65-70 (1958) 
August. 

Surface defects generally occurring on 
low-carbon and low-alloy steel castings 
in shell molds can be eliminated by: use 
of chill-type shell molds. Such molds 
can be made with forsterite or sheap 
blends of granulated limestone and 
silica sand. Chilling effect, in respective 
cases, depends on high conductivity of 
forsterite, and on endothermic dissocia- 
tion of limestone plus endothermic re- 
action of carbon dioxide with carbon 
from resin binder. Best results are ob- 
tained when these materials are used in 
composite shell molds. Molds should 
have thin facing of fine silica sand and 
be made by double investment process. 
—INCO. 16888 


8.8.5, 6.2.5 

Powder Metallurgy of 18-8 Stainless 
Steel. M. Sugiyama and H. Suzuki. 
Paper before Japan Inst. Met., April, 
1957. J. Japan Inst. Met., 22, No. 2, 
67-70 (1958) Feb. 

Powdered stainless steel prepared by 
the intergranular corrosion method 
showed a better quality than that pre- 
pared by the atomizing method in 
stamping and sintering characteristics. 
Stainless steel products having the spe- 
cific gravity over 6.5 g/cc were obtained 
from the powder prepared by the inter- 
granular corrosion method, by stamping 
under a pressure of 40 tsi and by sub- 
sequent sintering at 1200 C for 1 hour. 
The properties of a sintered stainless 
steel were improved as it was sintered 
at higher temperatures. When a sintered 
stainless steel was cold worked about 
40% and reheated in the furnace, the 
specific gravity was increased nearly to 
the theoretical value of a solid stainless 
steel—INCO. 16895 


8.8.5 

Some Factors Affecting the Tough- 
ness of Mild Steel Castings. H. H. Fair- 
field and J. A. Ortiz. Los Angeles Steel 
Castings Co. Trans. Am. Foundrymen’s 
Soc., 66, 344-348 (1958); Modern Cast- 
ings, 34, No. 1, 70-74 (1958) July. 

Influence of sulfur, carbon and hydro- 
gen on steel ductility is discussed, as 
well as effects of various steelmaking 
operations during melting. Reduction of 
area is used as measure of toughness. 
All reduction of area values quoted are 
from separately cast test bars of electric 
arc furnace mild steel, normalized from 
1650 F and drawn at 1250 F. Over 
0.030 sulfur lowers ductility. Carbon 
content over 0.33 results in lower tough- 
ness than is obtained with 0.20-0.30 car- 
bon steel. Each ppm of hydrogen may 
lower reduction of area by 10%. Boiling 
bath improves melt quality. Amount of 
ferrous oxide in slag before tapping has 
effect on reduction of area. Metal in 
furnace should always contain ferrous 
oxide as assurance against hydrogen 
pickup. Minimum tapping temperature 
of 2950 F is recommended. Tables, 
graphs, photomicrograps.—I NCO. 16879 
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8.8.5, 6.2.2, 3.7.2 
Dross Defects in Nodular Iron Cast- 
ings. A. G. Fuller. British Cast Iron 


Res. Assoc., Res. Rept. No. 486. 
B.C.I.R.A. J. Research and Develop- 
ment, 7, No. 6, 368-285 (1958) June. 


Dross defects, which are important 
problem in manufacture of magnesium- 
containing cast irons, were studied. Ob- 
servations of nature of defect led to 
conclusion that it consists of segrega- 
‘ion of mixture of magnesium sulfide 
ind oxide, aluminum oxide, together 
vith oxides of cadmium, iron, nickel, 
nanganese and silicon. Ladle additions 
of tellurium in conjunction with ladle 
idditions of cerium have very potent 
-ffect in reducing incidence of dross 
defects. On long-term basis, careful con- 
trol of magnesium alloy addition and 
aluminum content of iron is necessary 
if dross defects are to be minimized. 
Other factors that influence incidence of 
dross defects include coal dust and 
moisture content of greensand molds, 
type of molding material used, pouring 
temperature and gating system. Experi- 
ment was carried out in which nickel 
content was increased by ladle additions 
of nickel shot prior to addition of 
nickel-magnesium alloy; resulting nickel 
content ranged 0.85-2.93. Nickel content 
of iron was not found to affect occur- 
rence of dross defects. Tables, photo- 
micrographs, graphs.—INCO. 16813 


8.8.5, 6.2.2, 3.7.4 

Foundry Applications of the Calcium 
Carbide Injection Process. W. R. Lyso- 
bey and A. E. Tull. Air Reduction 
Sales Co. Trans. Am. Foundrymen’s 
Soc., 66, 327-335 (1958); Modern Cast- 
ings, 34, No. 1, 53-61 (1958) July. 

Discussion is confined to applications 
of calcium carbide injection process to 
gray iron containing flake graphite. In- 
jection equipment, applications and re- 
sults are described. Relationship of chill 
to microstructure is considered. Injec- 
tion of calcium carbide in cast iron 
reduces chill formation and promotes 
formation of Type A graphite in pear- 
litic matrix. Extent of calcium carbide 
injection treatment required to produce 
optimum physical properties and micro- 
structure depends upon iron composition 
and solidification rate. Tables summar- 
ize mechanical properties of as-melted 
vs injection treated iron from both 
cupola and induction furnace. Photo- 
Re pgimallag 16952 


8.8.5, 6 

Hocast” Method of Continuously 
Casting Iron Bar, H. E. Morris. Foun- 
dry Trade J., 105, No. 2177, 5-13 (1958) 
July 3. 

First published account of Flocast 
process for continuously casting iron 
bar. Set-up for pulling bar consists of: 
small cupolette for melting, pre-heat 
furnace to maintain metal temperature, 
die in which bar is formed, pulling 
mechanism, cut-off and_ bar-removal 
mechanism and electronic timing panel. 
Routine production run is described. 
Problems of flush through and_hot- 
spotting, and manner in which these 
were overcome, are considered. Struc- 
ture of cast bar, influence of chemical 
composition (phosphorus, manganese, 
total carbon, silicon), and hardness of 
bar, are covered. Elevated (up to 500 
C) temperature tensile test results are 
presented for both standard and H.2 
bar (1.5-1.8 nickel and 0.5 chromium). 
—INCO. 16934 


8.8.3, 1.2.2 
Efficient Drag-Out Recovery in Barrel 
Nickel Plating. R. J. Maling. Electro- 
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plating and Metal Finishing, 11, No. 6, 
184-189, 206 (1958) June. 

Describes investigation into very con- 
siderable drag-out loss from a 10 barrel 
plating unit. Calculations for counter- 
flow rinse systems and on use of lst 
rinse tank concentrate as drag-out led 
to development of continuous automatic 
system for maintaining bath concentra- 
tion, which resulted in saving of £5,000 
a year with improvement in deposit 
quality at capital cost for equipment of 
£3,000. System incorporates a 3-stage 
counterflow rinse system for line of 10 
barrels and requires careful use of simple 
flow controls. Drag-out is related to 
“inefficiency” of solution, that is, differ- 
ence between anode and cathode effi- 
ciencies, while control of temperature, 
pH and exhaust suction (evaporation 
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from main plating tank) are also im- 
portant, Calculations involved are pre- 


sented.—INCO. 16957 


8.8.5 

Vacuum Casting of Steel. J. N. Hor- 
nak and M. A. Orehoski. U. S. Steel 
Corp. J. Metals, 10, No. 7, 471-475 
(1958) July. 

A vacuum-casting process was de- 
veloped which successfully reduces hy- 
drogen concentration in steels for large 
forging sections to a level at which the 
steel is insensitive to flaking. Also, final 
hydrogen content of steel is at a level 
at which tensile ductility for aged and 
unaged specimens is approximately the 
same. Pressures at which process is con- 
ducted, however, require that special 
detailed attention be given to prepara- 
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tion of equipment and the actual vac- 
uum casting of the steel. With adequate 
attention, little or no difficulty should 
be experienced. Tables, graphs—INCO. 
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8.8.5 

Slip Casting of Metals, Ceramics and 
Cermets. P. E. Rempes, B. C. Weber 
and M. A. Schwartz. Paper before Am. 
Ceram. Soc., 59th Ann. Mtg., Dallas, 
May. 8, 1957. Bull. Am. Ceram. Soc., 
37, No. 7, 334-339 (1958) July 15. 

Principles and problems in slip cast- 
ing non-plastic powders are discussed 
and analyzed. Techniques are presented 
for slip casting variety of materials, in- 
cluding metals (titanium, chromium, 
molybdenum), oxides, carbides, borides, 
fluorides, silicides, Type 302 stainless 
steel and cermets such as Kentanium 
K184B (titanium carbide plus nickel). 
New “film technique” which overcomes 
mold release difficulties is described.— 


INCO. 16846 


8.8.5, 6.3.10 

The Roll Compacting of Pure Nickel 
Strip from Powder. J. A. Lund. J. 
Metals, 10, No. 11, 731-734 (1958) Nov. 

Nickel strip having excellent mechan- 
ical properties has been prepared by 
direct roll-compacting of pure nickel 
powders produced by Sherritt Gordon 
Mines Ltd. followed by sintering and 
re-rolling of sintered compact. Effects 
of metal powder particle size, roll gap 
and roll speed on density and coherency 
of as-compacted strip have been studied. 
Influence on strip properties of sinter- 
ing time and temperature, and of vary- 
ing amounts of cold re-rolling were 
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also investigated. Sintering treatments 
of 15-30 minutes at temperatures of 
2250-1900 F were followed by total cold 
reductions (in thickness of sintered 
strip) of up to 75%, with intermediate 
and final annealing treatments of 25 
minutes at 1600 F. Density, tensile 
strength and percent elongation of strip 
which could be produced in this manner 
were similar to those for cast, rolled 
and annealed pure _ nickel. Tables, 
graphs, photomicrographs, equipment 
diagrams.—I NCO, 16949 


8.8.3 

The Protection of Threaded Parts by 
Electroplating. E. A. Ollard. Corrosion 
Prevention and Control, 4, No. 8, 41-44 
(1957) August. 

Discusses the plating of steel and 
brass screws with zinc, cadmium, tin, 
nickel plus chromium, brass and copper. 
Cadmium is most expensive metal in use 
for protection of steel screws. Zinc is 
somewhat cheaper and quite satisfactory 
for many purposes; its resistance to in- 
dustrial atmosphere is often better than 
cadmium. Nickel is more generally used 
for protection of screws, etc., for inter- 
nal assemblies of meters, instruments 
and the like. Nickel plating must be 
continuous and free from porosity since 
exposed steel will corrode in preference 
to nickel (contrary to protection given 
by zinc and cadmium). Barrel plating 
method and techniques used to control 
coating thickness are discussed. Nickel 
plated steel and brass screws are tested 
by jet test in which coating is dissolved 
off with special complex agent and loss 
in weight is estimated. Line of horizon- 
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tal immersed barrels for nickel plating 
at Atlas Plating Works is shown. 2 il- 
lustrations.—INCO. 1626} 


8.8.3, 5.3.4 

Recent Developments in Copper Plat- 
ing. D. E. Weimer. Paper before Ins 
Met. Finishing, Bristol, October 15, 1957. 
Bull. Inst. Met. Finishing, 7, No. 3, 13-24 
(1957) Autumn; Trans. Inst. Met. Fin 
ishing, 35, 13-24 (1958). 

Application and deposit characteristic 
of copper which are required in deco 
rative electroplating are discussed. De- 
velopments are divided into 2 groups 
improvements in established electrolytes 
(basic cyanide copper and acid sulfate 
copper) and introduction of new solu- 
tions (pyro-phosphate copper). There is 
little evidence to show that inherent 
problems in cyanide and acid sulfate 
electrodeposition have been overcome in 
spite of addition agents designed to im- 
prove brightness and levelling action. 
Account is given of pyrophosphate solu- 
tion now in commercial application. 
World shortage of nickel has accentu- 
ated need for easily buffed undercoat 
for nickel. From experience in automo- 
bile industry and domestic appliance 
industries, it appears that service of 
copper-nickel-chromium system com- 
pares favorably with ordinary _nickel- 
chromium plating.—INCO. 16409 


8.8.3, 6.3.17 

Electroplating. Final Report on P.A. 
No. 154-ML-52-2. Ralph Wehrmann. 
Chicago Univ. U. S. Atomic Energy 
Commission Pubn., CT-2443, Dec. 1, 
1944 (Declassified Feb. 23, 1957), 26 pp. 
Available from Office of Technical 
Services, Washington, D. C. 

A procedure for electroplating ura- 
nium was developed which involves an- 
odic treatment of uranium in a concen- 
trated solution of trichloroacetic acid 
prior to plating. Uniform and _ rapid 
attack on uranium, small metal loss and 
good plate adherence are advantages of 
the method. The corrosion resistance of 
diffused (high temperature) nickel and 
nickel-molybdenum plates appears to be 
10 to 100 times better than unalloyed 
uranium. (auth)—NSA. 16369 


8.8.3, 5.3.4 

An Investigation of the Mechanism of 
Levelling in Electrodeposition. S. A. 
Watson and J. Edwards. Paper before 
Inst. Metal Finishing. Annual Conf., 
April 9-13, 1957. Electroplating and 
Metal Finishing, 10, No. 5, 136-137; 
disc. 137-138 (1957) May. 

Experiments were carried out using 
copper electroformed L.P. record mas- 
ters. Using standard plating procedure, 
0.27 mil deposits of nickel were plated 
and backed up with an acid copper de- 
posit. Cathode efficiency was deter- 
mined. Cathode potential for nickel so- 
lutions with different addition agents 
and at various densities was measured. 
Levelling power was determined mi- 
croscopically from difference between 
groove depth before and after plating 
(difference between average thickness in 
recesses minus thickness on peaks, di- 
vided by average thickness). On dia- 
mond ruled surfaces, several nickel 
deposits were separated by copper; 
levelling action was measured by recip- 
rocal of number of nickel coats needed 
to fill grooves completely. By etching 
cross-sections of deposits, distribution 
of incorporated matter was determined. 
Control of levelling agent is considered. 
P. Hersch (Mond) contributed to dis- 
cussion.—INCO. 16379 
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NHEN BACKFILLING IS NOT PERFECT, 


due to poor compacting or the inclusion of 
clods, rocks, or other obstructions, 


DURIRON ANODES 
OUT-PERFORM ALL OTHERS 






Duriron anodes have a dense, homogeneous, metallic 
structure. They provide uniform current discharge 
with low consumption rates. Over five years of field 
and laboratory test data have proved that for the 
protection of underground structures, in every case 
Duriron will perform just as well as graphite, and in 
the really tough cases, Duriron performs better. 






For complete details of Duriron Anodes for 
use in ground beds, fresh water, salt water 
and duct applications, ask for 


Durco Bulletin DA/6. 
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